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Abstract 
 
A study was conducted to evaluate the use of fungi as an 
alternative method for tick control instead of the currently used 
chemical acaricides to overcome their known drawbacks. 
Scopulariopsis brevicaulis was isolated from Amblyomma 
lepidum for the first time. Pathogenicity of the fungus was tested on 
different developmental stages of Hyalomma anatolicum 
anatolicum and A. lepidum in comparison with Metarhizium 
anisopliae which was obtained from the International Centre of 
Insect Physiology and Ecology, Kenya. Different concentrations of 
spore suspensions (curative dose 2.4x107 spores/ml) of the two 
fungi were used. High mortality of immature stages was observed.  
Mortality of flat adult ticks was also reported. There was a strong 
positive correlation (r= 0.99) between the concentration of the 
spores and mortality of flat adult ticks. Culture filtrate of S. 
brevicaulis was also tested. It revealed the same effect as the spore-
suspension. Both fungi affected the reproductive potential of 
females A. lepidum and H .a. anatolicum. Moulting percent age of 
engorged larvae and hatching of eggs were significantly reduced 
(P<0.05). Infection of eggs was also demonstrated which suggests 
transovarian transmission of the fungus. The study also showed 
persistence of S. brevicaulis for 60 days on rabbit's ears. This 
finding suggests the ability of transmission of infection to healthy 
ticks through direct contact. Both fungi showed ability to adhere to 
the cuticles and penetrate tick integuments. Conidia of both fungi 
XIII 
 
were isolated from their internal tissues. This finding is important in 
considering fungi as bioinsecticides. 
  
 
 
Gas chromatography mass spectrometry of S. brevicaulis 
culture filtrate recovered ketonic compounds and fatty acids which 
might be toxic to ticks. Reduction in tick haemocyctes was shown 
which reflects the effect of these metabolites on the defense 
response of ticks.  
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   ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
  
 ﺍﻟﻘﺭﺍﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻔﻁﺭﻴﺎﺕ ﻜﻭﺴﻴﻠﺔ ﺒﺩﻴﻠﺔ ﻟﻤﻜﺎﻓﺤﺔ  ﺘﻘﻴﻴﻡﺩﺭﺍﺴﺔ ﺒﻐﺭﺽ ﺃﺠﺭﻴﺕ
ﻓﻁﺭ  ﻋﺯل 0ﺎﺭ ﺍﻟﺴﺎﻟﺒﺔ ﺍﻟﻤﻌﺭﻭﻓﺔﺜﺍﻵ ﺍﻟﺘﻐﻠﺏ ﻋﻠﻰ ﺽﺌﻴﺔ ﺒﻐﺭﻤﻴﺎﻜﻴﺍﻟﺍﻟﻤﺒﻴﺩﺍﺕ ﺒﺩﻻ ﻋﻥ 
 ﺍﻵﺜﺎﺭ ﺕ  ﺩﺭﺴ0ﺍﻻﺴﻜﺒﻴﻭﻻﺭﻴﺒﺴﺱ ﺒﺭﻴﻔﻜﻴﻠﺱ ﻤﻥ ﻗﺭﺍﺩﺓ ﺍﻻﻤﺒﻠﻴﻭﻤﺎ ﻟﻴﺒﺩﻡ ﻷﻭل ﻤﺭﺓ
 ﻭﻤﺎ ﺍﻨﺎﺘﻭﻟﻴﻜﻡ ﻭﺍﻻﻤﺒﻠﻴﻭﻤﺎ ﻟﻴﺒﺩﻡﻟﻴﺎ ﺍﻟﻬﻗﺭﺍﺩﺓ ﻟﺘﻁﻭﺭ ﺔ ﺍﻟﻤﺨﺘﻠﻔﺍﺤلﺍﻟﻤﺭ ﻓﻲﺍﻟﻤﺭﻀﻴﺔ ﻟﻠﻔﻁﺭ 
ﻤﻘﺎﺭﻨﺔ ﺒﻔﻁﺭ ﺍﻟﻤﻴﺘﺎﺭﻴﺯﻡ ﺍﻨﺎﺴﺒﻠﻲ  ﺍﻟﺫﻱ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻪ ﻤﻥ ﺍﻟﻤﺭﻜﺯ ﺍﻟﻌﺎﻟﻤﻲ 
  . ﻟﻔﻴﺴﻭﻟﻭﺠﻴﺎ ﻭﺒﻴﺌﺔ ﺍﻟﺤﺸﺭﺍﺕ ﺒﻜﻴﻨﻴﺎ 
ﺍﻟﻤﻌﺎﻟﺠﺔ ﺍﻟﺠﺭﻋﺔ  )  ﻤﺨﺘﻠﻔﺔﺯﺒﻨﺴﺏ ﺘﺭﻜﻴ  ﺍﻷﺒﻭﺍﻍ ﻟﻠﻔﻁﺭﻴﻥﻌﻠﻕ ﻤﺍﺴﺘﺨﺩﻡ
 ﻜل ﺍﻟﻤﺭﺍﺤل ﻓﻲ ﻤﺭﻀﻴﺔ ﺍﺜﺄﺭ ﻜﻼ ﺍﻟﻔﻁﺭﻴﻥ ﻟﻪ ﺃﻥﻨﺘﺎﺌﺞ  ﺍﻟﺃﺜﺒﺘﺕ (ﻤل/ ﺒﻭﻍ017×4,2
 ﺒﻴﻥ    ﻤﻭﺠﺒﺎ ﺍﺭﺘﺒﺎﻁﺎ  ﺃﻥ ﻫﻨﺎﻟﻙﺍﻟﻨﺘﺎﺌﺞ ﺃﻭﻀﺤﺕ  0ﻜل ﺍﻟﻴﺭﻗﺎﺕ ﻤﻭﺕ ﺇﻟﻰ ﺃﺩﻴﺎﺤﻴﺙ 
ﻜﻤﺎ ﺍﺴﺘﺨﺩﻡ . )99.0=r(  ﺒﺎﻟﺩﻡﻤﻤﺘﻠﺊﺍﻟﻏﻴﺭ  ﻭﻤﻭﺕ ﺍﻟﻘﺭﺍﺩ ﺍﻟﺒﺎﻟﻎ ﺍﻷﺒﻭﺍﻕﻌﻠﻕ  ﻤﺘﺭﻜﻴﺯ
  ﺍﻟﻨﻤﻭﺃﻁﻭﺍﺭﻋﻠﻰ ـﺭ ﺍﻻﺴﻜﺒﻴﻭﻻﺭﻴﺒﺴﺱ ﺒﺭﻴﻔﻜﻴﻠﺱ ﻭﺍﺨﺘﺒﺭ ﺘﺄﺜﻴﺭﻩ ﻤﺴﺘﻨﺒﺕ ﻓﻁ ﺢﺭﺸﻴ
 0 ﻤﻌﻠﻕ ﺍﻻﺒﻭﺍﻍﻟﺘﺄﺜﻴﺭﻭﻗﺩ ﺠﺎﺀﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻤﻤﺎﺜﻠﺔ    0 ﺍﻟﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﻘﺭﺍﺩﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻨﻔﺱ
 ﻭﺍﻀﺢ ﻋﻠﻰ ﺍﻟﻘﺩﺭﺓ ﺍﻟﺘﻜﺎﺜﺭﻴﺔ ﻟﻜل ﻤﻥ ﻗﺭﺍﺩﺓ ﺘﺄﺜﻴﺭ ﺍﻟﻔﻁﺭﻴﻥ ﻟﻬﻤﺎ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺃﺜﺒﺘﺕ
 ﻨﺴﺒﺔ ﻓﻘﺱ ﺍﻟﺒﻴﺽ ﻭ ﺍﻨﺴﻼﺥ  ﺃﻥ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻅﻬﺭﺕ 0  ﺍﻨﺎﺘﻭﻟﻴﻜﻡ ﻭﺍﻻﻤﺒﻠﻴﻭﻤﺎ ﻟﻴﺒﺩﻡﺍﻟﻬﻴﺎﻟﻭﻤﺎ
 ﺇﻤﻜﺎﻨﻴﺔﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ . (50.0<P )ﻤﻌﻨﻭﻴﺔ ﺔ ﻗﺩ ﺘﻨﺎﻗﺼﺕ ﺒﻨﺴﺒ ﺒﺎﻟﺩﻡﺭﻗﺎﺕ ﺍﻟﻤﻤﺘﻠﺌﺔﺍﻟﻴ
 ﺍﻷﺠﻴﺎل ﺇﻟﻲ ﺍﻟﺒﻴﺽ ﺒﺎﻟﻔﻁﺭ ﻤﻤﺎ ﻴﺭﺠﺢ ﻓﺭﻀﻴﺔ ﺍﻨﺘﻘﺎل ﺍﻟﻔﻁﺭ ﻤﻥ ﺍﻟﻘﺭﺍﺩ ﺍﻟﺒﺎﻟﻎ ﺇﺼﺎﺒﺔ
  ﺃﺫﻥﻓﻲ ﻴﻭﻤﺎ 06 ﺒﻘﺎﺀ ﺍﻟﻔﻁﺭ ﺤﻴﺎ ﻟﻤﺩﺓ ﺇﻤﻜﺎﻨﻴﺔ ﺍﻟﻨﺘﺎﺌﺞﺃﺜﺒﺘﺕ . ﺍﻟﺘﺎﻟﻴﺔ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﺒﻴﺽ
  . ﻗﺭﺍﺩ ﺴﻠﻴﻡ ﺒﺎﻻﺤﺘﻜﺎﻙ ﺍﻟﻤﺒﺎﺸﺭﺇﻟﻲ ﺍﻹﺼﺎﺒﺔﺍﻨﺘﻘﺎل  ﺇﻤﻜﺎﻨﻴﺔﻤﻤﺎ ﻴﻭﻀﺢ ﺍﻷﺭﺍﻨﺏ 
 ﺍﺨﺘﺭﺍﻕ ﺇﻤﻜﺎﻨﻴﺔﻟﻭﺤﻅ ﺃﻥ ﻜﻼ ﺍﻟﻔﻁﺭﻴﻥ ﻟﻬﻤﺎ ﻗﺎﺒﻠﻴﺔ ﺍﻻﻟﺘﺼﺎﻕ ﺒﺠﺴﻡ ﺍﻟﻘﺭﺍﺩ ﻭ 
ﻫﺫﻩ ﺍﻟﺨﺎﺼﻴﺔ ﻟﻬﺎ  0 ﺍﻟﺩﺍﺨﻠﻴﺔ ﻟﻠﻘﺭﺍﺩﺍﻷﻨﺴﺠﺔﺍﻟﺠﺩﺍﺭ ﺍﻟﺨﺎﺭﺠﻲ ﺤﻴﺙ ﺘﻡ ﻋﺯل ﺍﻟﻔﻁﺭﻴﻥ ﻤﻥ 
  . ﻟﻠﻘﺭﺍﺩﻴﻭﻟﻭﺠﻴﺔﺃﻫﻤﻴﺔ ﻜﺒﺭﻱ ﻓﻲ ﺍﺨﺘﻴﺎﺭ ﺍﻟﻔﻁﺭ ﺍﻟﻤﻨﺎﺴﺏ ﻟﻼﺴﺘﺨﺩﺍﻡ ﻓﻲ ﺍﻟﻤﻜﺎﻓﺤﺔ ﺍﻟﺒ
ﻨﺘﺞ ﻻﺭﻴﺒﺴﺱ ﻭ ﻓﻁﺭ ﺍﻻﺴﻜﺒﻴﻤﺴﺘﻨﺒﺕﺢ ﻴﻟﺭﺸ   ﺍﻟﻜﺘﻠﻰ ﺍﻟﺼﺒﺎﻏﻲ ﺍﻟﻐﺎﺯﻯﺘﺤﻠﻴلﺍﻟ
   ﻭﺠﻭﺩﻴﺭﺠﺢﻤﻤﺎ .  ﺍﻟﺩﻫﻨﻴﺔﻭﺍﻷﺤﻤﺎﺽﻴﺘﻭﻥ ﻟﻤﻭﺍﺩ ﺍﻟﻁﻴﺎﺭﺓ ﻤﺜل ﺍﻟﻜﺍﻋﻨﻪ ﻓﺼل ﻋﺩﺩ ﻤﻥ 
 ﻋﻠﻲ ﺨﻼﻴﺎ ﺎ ﻭﺍﻀﺤﺍ ﺘﺄﺜﻴﺭﺍﻅﻬﺭﺍ ﺍﻟﻔﻁﺭﻴﻥ ﺃﻴﻀﺎﹰ .  ﻟﻬﺫﻩ ﺍﻟﻤﻭﺍﺩ ﻋﻠﻲ ﺍﻟﻘﺭﺍﺩﻡﺍﻟﺘﺄﺜﻴﺭ ﺍﻟﺴﺎ
 ﺍﻷﺜﺭ ﺍﻟﺴﺎﻡ ﻟﻬﺫﻩ ﺍﻟﻤﻭﺍﺩ ﻋﻠﻲﻴﺩل   ﻤﻤﺎ ﺍﻟﺩﻡ ﻨﻘﺼﺎﻥ ﻓﻲ ﻋﺩﺩ ﺨﻼﻴﺎ ﻟﻭﺤﻅﺤﻴﺙ ﺍﻟﺩﻡ ، 
  .  ﻤﻨﺎﻋﺔ ﺍﻟﻘﺭﺍﺩﻋﻠﻲ
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Introduction 
 
      Ticks are obligate blood sucking ectoparasites. They are 
regarded as a major constraint to improving cattle production in 
sub- Saharan Africa (Muriithi, 1984). About 22 species of ticks 
have been recorded on livestock in Africa (Hoogstraal, 1966). Only 
a few of them are of economic importance in terms of geographical 
spread, effect of feeding on animals and as diseases transmitter. 
These include Amblyomma variegatum); Rhipicephalus 
appendiculatus), Hyalomma anatolicum, Amblyomma lepidum and 
Boophilus decoloratus. Ticks are vectors of many kinds of 
microorganisms than any other single arthropod (Hoogstraal, 1985).  
They are considered as the main important vectors of diseases 
affecting both man and animals (Sonenshine, 1991). Paralysis, 
toxicosis, anaemia, low production and allergy can be caused by 
ticks feeding on animals (Estrada-Pena and Jongejan, 1999). 
Various tick species are known to transmit viral, bacterial, 
rickettsial and protozoal diseases. East Coast fever is transmitted by 
Rhipicephalus appendiculatus in East and Central Africa 
(Berkvens, 1991). Ixodes scapularis is the principal vector of 
Borrelia burdorferi (etiological agent of Lyme disease) in North- 
Eastern and Upper Mid Western United State (Burgdorfer, Barbour, 
Hayes, Benach, Grun Walt, and Davis, 1982). Hyalomma 
anatolicum and Amblyomma lepidum are considered the main 
vectors of theileriosis in the tropics (Latif, 1984) where as A. 
variegatum is associated with heartwater and dermatophytosis in 
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cattle (Camus and Barre, 1990). In addition, Booplilus decoloratus 
is known to transmit babesiosis and anaplasmosis in the tropics 
(Abdoon, 1985). 
      Ticks are controlled mainly by acaricides applied on cattle by 
means of plunge dips or spray races (George, 2000). Arsenical 
compounds, chloronated hydrocarbons, cyclodienes, anti-
cholinesterase group of organophosphorous, carbamates, amidines 
and synthetic pyrethroids were widely used. Although acaricides 
have been effective in suppressing tick populations and incidence 
of Tick-Borne Diseases, their high cost, development of 
acaricides resistance in ticks, environmental and food 
contamination and their residues (Norval, Perry, and Young, 
1992) hinder their use. Pheromones were also used alone or 
combined with acaricides to control ticks (Sonenshine, Taylor, 
and Corrigan, 1985).  
       Pasture management, modification of tick environment, 
burning and fencing were used to suppress tick population 
(Davey,Osburn,and Castillo, 1983). Plants, predators, parasites 
and pathogens have been used as biological agents to control both 
soft and hard ticks. Neem extracts were used to control Argas 
persicus (Mohammed, Mustafa, and Elrayah, 2003). Chickens, 
ants, beetles, bees and spiders were evaluated as alternatives to 
chemical agents (Samish, 2000). Entomopathogenic nematodes 
were found lethal to ticks. Some members of the families 
Steinernimatidae and Heterorhabditidae were evaluated for 
controlling many insects and arthropods (Kocan, Blouin, 
pidherney, Claypool, Samish, and Glazer, 1998). 
        Pathogens were used as a biological means. Some members 
of the genus Bacillus were used for biological control of ticks. 
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They were known to sporulate thus can survive on shelf and in 
the environment (Burges, 1982). Viruses and bacteria act only 
by oral route hence there is no contact on the pests. They usually 
attack larvae but are safe to mammals and non target organisms 
(Burges, 1982). 
          Among all known pathogens, fungi have a unique mode of 
action. They have the ability to adhere to the cuticle, to germinate 
and penetrate enzymatically (Hall and Papeirok, 1982). They are 
encountered as pathogens affecting insects and acaroids (Prior 
and Greathead, 1989).  The idea of using fungi in biological 
control agent was suggested by Pasteur and Le Conte (1874). The 
interest in using them against human and animal vectors arises 
from their successful use in controlling agricultural pests (Ferron, 
1981). Beauveria spp. and Metarhizium spp.were the first fungi 
tested. They have been commercialized to control insect pests of 
agriculture, but the potential of these fungi for controlling ticks 
has only been recently investigated (Kirkland, Westwood, and 
keyhani, 2004).  
          Biological control using fungi may play a substantial role in 
future IPM programmes for ticks because of the diversity of taxa 
that show high potential as tick biocontrol agents (Samish, 
Ginsberg and Glazer, 2004). The increased potential of microbial 
control of ticks is considered to be the result of discovery and 
development of new species and strains of entomopathogens. 
Despite the successes of the past, there is a continuing need to 
discover and develop new entomopathogens to meet the future 
needs of increased food and animal product with concomitant 
reduction in the use of chemical pesticides which has adverse 
action on both animal and environment (Lacey and Gottle, 1995).       
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Objectives of the study: 
1/ to find new fungal isolates which could be used for 
controlling Hyalomma anatolicum anatolicum and 
Amblyomma lepidum. 
2/ to assess virulence and biotic potential of the isolates on   
various developmental stages of ticks.  
3/ to determine the mode of action of the isolates and the 
defence response of tick haemocytes. 
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CHAPTER ONE 
LITERATURE   REVIEW 
 
     Ticks are blood feeding external parasites of mammals, birds and reptiles 
throughout the world. Approximately, 850 species have been described 
worldwide (Furman and Loomis, 1984). Over 70 species of ticks have been 
reported in the Sudan, 14 of which are reported to affect domestic animals 
(Hoogstraal, 1956). Ticks adversely affect livestock production. Controlling 
tick infestation requires pasture manipulation, insecticide use besides other 
alternative means.                                                             
1.1 Chemical control of ticks: 
1.1.1 Acaricides: 
          Chemical control of cattle ticks began in Australia in 1895. Since that 
time a structurally diverse group of chemicals have been used for controlling 
ticks (Aziz, 1993). The compounds used varied in their mode of action, 
stability, efficacy, concentration and costs. Six categories were used: 
Arsenical compounds, chlorinated hydrocarbons, cyclodienes, and anti-
cholinesterase group of organophosphates, carbamates, amidines and synthetic 
pyrethroids.    
 In spite of progress in science, yet ticks are mainly controlled by 
chemical acaricides. The most common methods of acaricides application are 
the dip vat, hand spraying and spray races. Dip vats are widely used because 
they are extremely effective in covering the whole animal body with the 
acaricide in use, easy to use, need little maintenance and can be used 
continuously for longer times without replacing the chemical food and 
agricultural organization (FAO, 1984). Later on, organochlorine products: 
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amidines, synthetic pyrethroids and ivermectin became available as an 
alternative to arsenic (George, 2000).  Hand spraying and spray races are also 
efficient, but they need certain skills in handling, besides that the chemical 
cannot be reused. These drawbacks limited the application of acaricides as 
means of tick control on a large scale. Although spray races are rapid, their 
maintenance and availability of spare parts make their application difficult in 
developing countries (Tatchell, 1981). Thus, developing  a variety of delivery 
systems had been tried to control ticks on animals such as acaricides 
impregnated ear tags (Drummond, 1985), spot or pour on techniques (Taylor 
and Elliot, 1987), systemic acaricides (George, 2000), slow –released 
acaricide boluses (Miller, Davey, Oehler, Pound and George, 2001), and 
topical self application techniques. However, arsenic dips were the first 
effective method for controlling ticks there is no universal method of 
application (Nari, 1990).  
Developing resistance of ticks to acaricides, their high costs, residual 
effects and environmental pollution have led to renew the interest in biological 
control either alone or as a part of integrated pest management (IPM) against 
disease vectors (Bittencourt, 2000). 
1.1.2. Pheromones: 
 These are chemicals produced by individuals and could influence the 
behaviour of other members of the same species (Campion and McVeigh, 
1984). The response to these chemicals is specific affecting a definite 
behaviour or developmental process. Ticks have many types of pheromones 
characterized according to their activity profile as assembly pheromones, 
aggregation, attachment, pre-attachment, pre-feeding, attractant sex, contact 
sex, and various un- grouped phermones (Gothe, 1987). Aggregation 
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pheromones were demonstrated in Ixodes holocyclus and Aponomma concolor 
(Treverrow, Stone and Cowe, 1994) while moulting sex pheromone was 
demonstrated on the surface of R. appendiculatus which allowed males to 
recognize the females (Hamilton, Papadopoulos, Harrison, Lloyd and Walker, 
1994).  Phermones were used to collect free-living Amblyomma hebraeum 
using traps treated with synthetic attraction-aggregation-attachment 
pheromones (Bryson, Horak, Venter and Yunder, 2000). Moreover, 
pheromones were used in combination with pesticides to suppress populations 
of Dermacentor and Ixodes spp.in pasture (Naumov, 1990).  
1.2. Pasture management: 
       Ticks spend about 80% of their lives in pasture (Anon, 1999). Poorly 
drained pasture with bushes is often associated with high tick numbers. Long 
pasture, even in well-drained areas, will also harbour ticks, but by improving 
drainage and keeping pasture topped or grazed, humidity will be kept down, 
making conditions less favourable for eggs to hatch or for engorged ticks to 
develop (Anon, 1999). 
 Pasture management aims to control one - host tick by rotational grazing or 
pasture spelling (Wharton, Harby, Wilkinson, Utech and Kelly,1969)  while, 
fencing, burning, and crop rotation were applied for three host ticks (Norton, 
Sutherst and Maywald, 1983).   Destruction of tick micro-habitats for breaking 
tick's life cycle to reduce tick burdens was practiced (Jaenson, Fish, Ginsberg, 
Gray, Mather and Piesman,   1991). Reducing abundance of tick population by 
limiting the movement of the host was studied by Stafford (1993) in North 
Eastern United States. Limiting the inside and outside residential host 
enclosure with electrical fences has been used (Ginsberg, Butler and Zhioua, 
2002). 
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1.3. Genetic control: 
 Controlling arthropods through genetic means includes hybrid sterility, 
cytoplasmic incompatibility and lethal factors. Sterile males survive longer 
than the normal ones and mate greater numbers of fertile females which 
indicates that such a technique may play an important role in sterile male 
release programme as a mean of tick control (Davey, Osburn, and Castillo,   
1983). However, this technique has not been attempted.  
1-4. Natural resistance:  
      The ability of livestock to control their tick burden through the acquisition 
of natural resistance had been known for decades (Trager, 1939). This 
phenomenon has been used for tick control (Roberts, 1968). Natural resistance 
could be a viable component of an integrated tick control in Africa in view of 
the exposure of livestock to high tick infestation soon after birth and the 
multiple tick species prevalent in most countries. Latif (1984) found that cross 
bred cattle (Bos Taurus x Bos indicus) carried four and half times more ticks 
than B. indicus Kenana and Butana cows. The weight of detaching fully 
engorged females fed on Kenana cows was also significantly lower than those 
fed on cross bred and this was reflected in amount of eggs laid. These 
observations confirmed the findings of Utech, Wharton and Kerr (1978) that 
B. indicus breeds acquire natural resistance more effectively than those of B. 
taurus. A drawback that may limit the exclusive use of tropically adapted 
breeds for commercial purposes is the failure to capitalize on the potentially 
high productivity of European breeds especially dairy breeds.  
1.5. Botanical control: 
          Hard ticks seek host by crawling up the stem of grass or perch at the 
edges of leaves on the ground in response to a host passing by (Furman and 
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Loomis, 1984). Regarding this phenomenon, plants were used as biological 
control agents. Leaves and oil extracted from some plants were evaluated for 
their repellency to various tick species and developmental stages worldwide. 
In Susceptibility of immature Ixodes scapularis to plant derived acaricides 
extracted from 13 botanical species was carried out in U.S.A. (Panella, 
Karchesy, Maupin, Malan and Piesman, 1997). Nine out of 13 plant extracts 
tested exhibited biological activity against larval and nymphal stages. In 
Kenya, the plant Gynandropsis gynandra, was shown to exhibit repellent and 
acaricidal effects on larvae, nymphs and adult R. appendiculatus and A. 
variegatum. All stages avoided the leaves and a high percentage of ticks 
which had been continuously exposed to the leaves died and the surviving 
ticks were weak (Malonza, Dipeolu, Amoo and Hassan, 1992). Also Acalypha 
fruticosa leaves were found to be attractant to R. appendiculatus larvae where 
large numbers were attracted by their odour. This study potentiates the use of 
this plant as a trap to control ticks (Hassan, Dipeolu and Malonza, 1994). 
Moreover, oil extracted from the shrub Ocimum suave was found to repel and 
kill all stages of R. appendiculatus where 10% solution killed all immature 
stages and more than 70% of the adults (Mwangi, Hassanali, Essuman, 
Myandat, Moreka and Kimondo, 1995). In the Sudan, the use of Neem seed 
kernel oil against Argas  persicus was evaluated. Decreased hatchability of 
eggs was observed (Mohammed, et al., 2003). Neem seed oil was also found 
to be toxic to A. variegatum larvae (Ndumu, Jeorge and Choudhury, 1999). In 
addition to the repellent properties of neem oil, feeding and moulting 
processes of ticks were also affected. The study conducted by Al-Rajhy, 
Alahmed, Hussein, and Kheir (2003) revealed a reduction in feeding period 
and prolonged larval and nymphal moulting periods of Hyalomma dromedarii. 
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Similarly, Abdel Shafy and Zayed (2002) and Handule , Ketavan and Gebre 
(2002) investigated the effects of neem (Azadirachta indica) on adults, 
immature and eggs of Hyalomma anatolicum excavatum and R. pulchellus. 
High mortality of adults and immature stages besides decreased egg 
hatchability were observed. Ripe fruits of Melia azedarach were also 
evaluated where high mortality of Boophilus microplus was recorded (Borges, 
Ferri, Silva and Silva, 2003). 
1.6. Biological control: 
   Burges and Hussey (1971) referred to biological control as the influence 
of predators, parasites and pathogens introduced or applied by man against 
naturally numerous pest insects.     
1.6.1. Predators: 
Ticks have relatively few natural enemies but the use of predators, 
parasites and pathogens has been examined for tick control. Most arthropod 
predators are non-specific, opportunistic feeders and probably have little 
impact on ticks (Sabean, 1998). 
Chickens were reported to be natural predators of ticks. R. 
appendiculatus, A. variegatum and B. decoloratus were recovered from crops 
and gizzards of chickens that had scavenged for 30 min to one hour among 
tick-infested cattle. Number of ticks recovered varied from 3-331 with an 
average of 81 per chicken (Hassan, Dipeolo, Amoo and Odhiambo, 1991). 
Possibility of using chickens as predators of livestock ticks was also studied 
by Dreyer, Fourie and Kok (1997). Chickens were allowed to scavenge for 3 
hours among tick-infested cattle during milking period. B. decoloratous, H. 
marginatum rufipes, R. evertsi and Otobius megnini were recovered from the 
crops and gizzards of chickens at necropsy with an average of 28-81 per 
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chicken. The study confirmed that, chickens can be used as natural predators 
in an integrated tick control plan in urban cattle management systems.   
Turkeys were also used as predators of ticks. In America different 
stages of Ixodes scapularis were found to be ingested by wild turkey (Ostfeld 
and Lewis, 1999). Wild birds such as Guinea fowl were observed to prey upon 
ticks. A significant reduction in unfed adult I. dammini was observed when 
they were exposed to Guinea fowls (Duffy, Downr and Brinkley, 1992). 
Oxpeckers were found to be tick predators. Examination of bird's stomach 
revealed large numbers of ticks (16-665 ticks per stomach) (Bezuidehout and 
Stutterheim, 1980). Cattle egrets (Bubullus ibis) are known to be natural 
enemies of A. variegatum in Guadeloupe (Mauleon, Garris and Kermarrec,    
1991). In addition, arthropods such as beetles, ants and spiders seem to prey 
upon ticks. In general engorged ticks are more often preyed upon by 
arthropods than the unfed or feeding ticks (Samish, 2000). 
1.6.2. Parasites: 
1.6.2.1. Nematodes: 
      Feasibility of using entomogenus nematodes for biological control to 
African tick species was assessed by Kaaya, Samish and Glazer (2000). Five 
strains of entomogenous nematodes: Steinernema carpocapsae strains DD, 
Mexican and SR, Heterorhabditis bacteriophora strains 1S5 and HP88, were 
tested for their pathogenicity to various developmental stages of R. 
appendiculatus, R. evertsi, A. variegatum, A. gemma and B. decoloratus. All 
nematode strains tested at a concentration of 1000 juveniles/dish induced high 
mortality among different tick species, while unfed and immature stages were 
found to be generally resistant to nematodes. (Kaaya  et al., 2000). 
Steinernema glaseri and Heterorhabiditis bacteriophora were found to invade 
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and kill 30-100% of replete females of A. americanum, A. cajennense, A. 
maculatum, Dermacentor variabilis and R. sanguineus. A reduction in egg 
mass production was observed. Ticks examined microscopically showed few 
nematodes in haemocoel and tissues (Kocan, Blouin, Pidhernev, Claypool, 
Samish and Glazer, 1998).  
1.6.2.2. Parasitoids: 
 Seven parasitoid species from the genus Ixodiphagus are known but of 
these species Ixodiphagus hookeri was mostly encountered in tick control 
investigations (Hu and Hyland, 1997).  A reduction in tick population was 
observed when 150000 I. hookeri were released over a period of one year in a 
field where ten cattle infested with multiple tick species were kept. A. 
variegatum was reduced from 44 to 2 ticks per animal while R. 
appendiculatus increased over the time of parasitoid release (Mwangi, Hassan, 
Kaaya, and Essuman, 1997).  Ixodiphagus parasitoids were also released in 
tick habitat to control A. variegatum. Effective control of A. variegatum was 
obtained (Knipling and steelman, 2000). I hookeri was detected on Ixodes 
dammini (Mather, Piesman and Piesman, 1987) and I.  scapularis (Stafford, 
Denicola and Magnarelli, 1996). The presence of parasitoid indicates a 
relationship between the wasp and the tick.  
1.7. Pathogens:  
1.7.1. Bacteria: 
      Ticks were found to be infected with various species of bacteria.  
Klebsiella pneumoniae, Proteus mirabilis and Staphylococcus spp. were 
isolated from a colony of B. decoloratus (Hendry and Rechav, 1981) and 
Dermacentor andrsoni (Brown, Reichloderfer and Anderson, 1970).  
Rickettsia rhipicephali, a new member of spotted fever group, Rickettsiae, was 
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isolated from tissues of Rhipicephalus sanguineus (Hayes and Burgdorfer, 
1979). Similarly, two kinds of Rickettsia were isolated from D. taiwanensis in 
Portugal (Yano, Takada and Fujita, 1993). Some laboratory results suggested 
that bacteria are pathogenic to ticks but their mode of action and their 
potential value as biological agents remain to be determined (Samish, 
Ginsberg and Glazer, 2004). The potential activity of three varieties of 
Bacillus thuringiensis was investigated against Argas persicus and Hyalomma 
dromedarii in Egypt.  Ticks died within a period of few hours to 1o days post-
treatment also eggs laid were affected (Hassanain, El Garhy, Abdel Ghaffar, 
El- Sharaby and Abdel Megeed, 1997). 
1.7.2. Viruses: 
Insect pathogenic viruses, baculoviruses  are known to attack arthropod 
agents. They have biological properties which encourage their s uccessful use 
as microbial agents in integrated pest management programme (IPM). They 
offer a safe and environmentally sound alternative to chemical insecticides 
(Hall and papierock, 1982). The majority of baculoviruses used as biological 
control agents are in the genus Nucleopolyhedrovirus. They are excellent 
candidates as they are species-specific with negative impacts on plants, 
mammals, birds, fish or even target insects (Reardon, Podgwaite, and Zerillo, 
1996). Two baculoviruses products (Spod – X and Germ Star LC) have been 
commercialized as bio-insecticides for agricultural pests but full potential for 
the use of viruses as biological agents against ticks is not fully realized due to 
lack of information of their ecology (Burnad, 1998  ). 
1.7.3. Fungi: 
          Fungi are a large group of eukaryotic organisms which comprise 
approximately one of quarter of the biomass of the planet (Miller, 1992). 
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Among the over 250thounds described species of fungi that are widespread in 
nature (soil, plant, water, air), more than 300 are recognized as true pathogens 
or potential pathogens responsible for mycoses in human and animals 
(Drouhet, 1998).  Most of these fungi are molds but there are a number of 
pathogenic yeasts.  Owing to their nature and nutritional needs, fungi are 
capable to infect a wide range of living organisms including insects and 
acaroids (Prior and Greathead, 1989). The fungus, Beauveria bassiana, was 
the first micro-organism to be recognized evoking a devasting disease of 
commercially valuable silk worm (Bombyx. mori) Bassi (1773- 1856), cited by 
Drouhet (1998).                                                                      
1.7.3.1. Entomogenous fungi: 
      Although   the presence of entomopathgenic fungi in the tropics dated 
back to 1853 (Maniania, 1991), however their role in controlling natural insect 
populations has been well established in the 19th century (Hall, 1981). Most 
entomopathogenic Hyphomycetes are potential pathogens and are relatively 
easily grown in pure culture in defined or semi- defined media. A variety of 
factors influence susceptibility of the host to their infections. These include 
the fungal strain, the host's physiological state, nutrition, defense mechanisms, 
cuticular and epicuticular micro-organisms as well as environmental factors. 
An important consideration in developing entomopathogenic fungi as myco-
insecticides are selection of the correct and well adapted strain, virulence of 
the strain, its mass production, good formulation and storage (Maniania, 
1991).  
The parasitic relationship between fungi and insects was first observed 
by Bassi (17730-1856), cited by Drouhet, 1998).  Different fungi were 
encountered as insect pathogens. Chytridiomycetes  such as Coelomyces 
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species are known as an obligate parasites of mosquito larvae (Webster, 
1975);  Ascomycetes such as Laboulbeniales and Hypocreales ; 
Basidiomycetes species such as  Uredinella and Septobasidium and 
Deuteromycetes such as members of the genera Beauveria and Metarhizium 
are  known to parasitize a wide range of insect genera (Ainsworth, 1963).  
Entomogenous fungi are filamentous fungi that reproduce by conidia which 
are generally formed aerially on conidiophores arising from the substrate. 
Many genera of entomogenous fungi occur in the Hyphomycetes are identified 
on the basis of their morphological features. The class Hyphomycetes contains 
large numbers of insect and arthropod pathogens. They have one of the widest 
spectra of host ranges among entomopathogens (Goettle and Douglas-Inglis, 
1997). 
1.7.3.1.1. Genus Metarhizium: 
              Genus Metarhizium is composed of arthropod pathogens most with 
broad geographic and host ranges.  The genus is known to be saprophytic in 
soil or parasitic on insects (Petch, 1930; Maniania, Okello, Oluoch, and Odero 
1994).  First Humber (1997) regarded it as a genus with major species.  Later 
on, Bischoff, Rehner and Humber (2006) regarded it as a single species with 
many varieties. M. anisopliae with numerous varieties var. album; var. 
flavoviride. Two species are virulent to acridoids; Metarhizium. anisopliae 
and Metarhizium. flavoviride. M. anisopliae, formly known as Entomophthora 
anisopliae is a fungus that grows naturally in soils through out the world. 
Many strains have been isolated from insects, nematodes, river sediment, and 
decomposed organic materials. It causes diseases in various insects acting as a 
parasite. The disease caused by M. anisopliae in insects is known as green 
muscardine disease. The fungus infects 200 insect species including termites. 
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It was first used as a microbial agent against insects in 1879 to control wheat 
grain beetle, Anisoplia austriaca and sugar beet curculio, Cleonus 
punctiventris (Metschnikoff, 1879). Currently it has been used as a biological 
insecticide to control a number of pests such as termites, grasshoppers, thirps 
and mosquitoes. It has been approved as microbial pesticides with no harm 
expected to human or environment (Cloyd, 1999). M. anisopliae var. frigidum 
and M. flavoviride were used as bioinsecticide (Bischoff, Rehner and Humber, 
2006). M. anisopliae strain F52 (029056) was used to infect various ticks, 
beetle larvae, root weevils, flies, gnats and thirps by spraying or incorporated 
in growth media (Anon, 2003). 
1.7.3.1.2. Genus Scopulariopsis:  
      The genus comprises a number of species commonly found in soil, 
decaying wood, various plant and animal products. Scopularopsis species are 
common soil saprophytes. They have been isolated from variety of substrates 
such as decaying wood, plant tissue and animal products. They are 
cosmopolitant organisms. Five species have been associated with human 
diseases S. brevicaulis; S. brumptii; S. acremonium; S. fusca and S. koningii. 
Other common species of the genus include S. acremonium, S. halophilica and 
S. fimicola were reported to cause spoilage of free fatty acids in stored barley, 
salt fish and white plaster mould of mushroom. Several species have 
telomorphs which are classified in the genus Microascus. S. brevicaulis, the 
anamorph of Microascus brevicaulis (Microascaceae: Ascomycota) is by far 
the commonest species with worldwide distribution in soils, plants and insects. 
S. brevicaulis is an annellidic hyphomycete belonging to division 
Ascomycota.  It is by far the commonest species with worldwide distribution 
in soils, plants and insects. It is encountered in indoor environment. It was 
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isolated on Petri dishes of Rose Bengal streptomycin agar exposed to air for 
15 minutes (Ascan, Kirqiz, Sen, Camur-Elibek, Guner and Guher, 2003). It is 
also found in all kinds of decomposing organic matter and flourishes on 
material containing high level of protein such as meat and ripening cheese 
(Yang and, 2005).  It is a non dermatophyte filamentous fungus and mainly 
associated with nail infection. S .brevicaulis was reported to cause nail 
infection, skin lesions and opportunistic invasive disease in 
immunocompromized patients (Summerbell, Kane and Krajden, 1989). It was 
recovered from claws of cows and buffalos from different localities in Egypt 
(Abdelgawad, 1989). It was also encountered in hair infections of laboratory 
animals like Guina pigs and rats as well as large animals like cows, donkeys 
besides small animals; dogs and cats (Aho, 1983; Bagy, 1986). Yoder, 
Hanson, Zettler, Benoit, Ghisays, and Piskin, 2003) identified S. brevicaulis in 
body contents of Dermacentor variabilis after topical application of fungal 
inoculum to identify its potential biological control agents.  
1.7.3.1.3. Mass production of fungi: 
       Mass production of fungi is essential for large scale application. It aims to 
produce large quantity of particular morphological infectious propagules 
rather than metabolites. Both conidia and blastospores are amenable to mass 
production. Mass production of M. anisopliae was carried out by 
Metschinkoff, (1879) to control sugar cane pest. There are two well tried 
methods for mass production: solid substrate and liquid fermentation (Hall and 
Papierok, 1982). The use of a liquid stage in mass production system promotes 
rapid mycelial growth of fungal culture which can be used to inoculate the 
second solid stage in the production process. The advantage of this procedure 
is that liquid culture of fungi is fast growing and therefore the most 
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economical method of production. The solid substrate phase of mass 
production provides a physical support for fungus to produce aerial conidia 
(the infective propagules) which are best suited to storage and formulation in 
oil (Jenkins, 1996).  
1.7.3.1. 4.  Formulation of fungi: 
       Good formulation of fungal propagules is required to stabilize the product 
and to improve its efficacy in the field. To achieve this, the product may 
contain additives such as wetters, stickers, humectants and thixotropic agents. 
Nutrient agar, molasses and glycerine were added to the aqueous inoculum of 
B. bassiana as protectant, bait and wetting agent, respectively for control of 
stem borer Chilo partellus in maize (Maniania, 1993).  Effective formulation 
must take into account the mode of action of the fungus e.g. if relative 
humidity is required, then additives that stimulate germination can be 
introduced. Aqueous and oil-based formulations of M. anisopliae and B. 
bassiana were tested against A. variegatum, R. appendiculatus and B. 
decoloratus (Kaaya and Hassan, 2000). Similarly, aqueous conidial 
suspension besides dry rice grain-based inoculum was used for control of stem 
borer Chilo partellus (Swinhoe) (Maniania, 1993). Oil-based formulation, 
water- based with molasses and water formulation were used to control Desert 
Locust (Abdelrahim, 2002). 
1.7.3.1.5. Storage of fungi: 
       Once the fungus is cultured, it should be stored unless it is used 
immediately. Different methods of preservation of propagules were developed 
both at low and high temperatures (Jenkins, 1996). Conidia, blastspores and 
mycelia can be stored at 40C for several weeks or even months. However, this 
depends on the tested strain. Viability is affected by moisture content and 
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temperature. Conidia of M. anisopliae were known to survive best at high 
relative humidity (97%) and moderate temperature (19-270C) or when kept at 
low temperature 40C (Daoust, Ward and Robrets, 1983). For storage under dry 
conditions, conidia of M. anisopliae were harvested; air dried for several days 
in a biosafety cabinet and then maintained over anhydrous silica gel crystals 
(Goettle and Douglas- Inglis, 1997).  
1.7.3.1.6. Quality control: 
         It is essential for successful production of good quality viable conidia 
which should be free of contaminants. It should be carried out during the 
production process to help in locating the source of contaminants when 
detected, and also on the final product (spore powder) to ensure that the 
product meets its viability, virulence, moisture content for long shelf-life, the 
number of infective propagules per gram product and particle size for 
application equipment (Jenkins,1996). 
1.7.4. Use of Fungi in the field:  
   The aim of using fungi as biological control agents is to prevent the 
build- up of pest population to damaging levels by artificial application of 
fungal propagules. The most promising tested fungi are M. anisopliae and B. 
bassiana. Both fungi were found to be effective against several agricultural as 
well as human and animal vectors (Hall and Papierok, 1982). Controlling of 
major livestock diseases in the tropics, such as trypanosomosis, theileriosis, 
and heartwater is still largely based on controlling their vectors. Kaaya and 
Munyinyi (1995) evaluated the effects of B. bassiana and M. anisopliae 
spores on Glossina morsitans morsitans. Heavy mortalities 2-10 days of adult 
tsetse emerging from pupae were recorded as 97% for M.anisopliae   and 80% 
for B. bassiana. Moreover, M. anisopliae var anisopliae and M. flavoviride 
 
 
 
 16
var flavoviride were found to be effective as biological control agents against 
Boophilus microplus (Onofre, Miniuk, de Barros and Azevedo, 2001). 
Similarly, M. flavoviride was developed as a myco insecticide against grass 
hoppers in Brazil (Tiaqo, Funqaro and Furlaneto, 2002). In vitro application of 
12 isolates of M. anisopliae against engorged B. microplus female tick was 
carried out by Frazzon, Da Silva Vaz Junior, Masuda, Schrank and Vanstein 
(2000). A mortality of 100% was recorded when 107 spores/ml was used. The 
same fungus induced high mortality on larvae of Ixodes scapularis on using 
the same concentration of spores and 108 spores/ml for adults (Michael, Elyes 
and Richard, 2001). Furthermore, M. anisopliae, B. tenella and Fusarium 
oxysporum were tested on Culex and Anopheles species (Balaraman, 1979).  
 Metarhizium. anisopliae and Beauveria. bassiana were commercialized for 
control of some insect pests, but the development of effective formulations 
critical for tick management were not determined (Samish, et al., 2004). 
However, Kaaya and Hassan (2000) conducted experiment using oil and 
water-based formulations of the M. anisopliae and B. bassiana.  High 
mortality, reduced fecundity, hatchability and engorgement weighs were 
observed on using oil-formulation to spray A. variegatum, R. appendiculatus 
and B. decoloratus. Other fungal species such as Rhizopus arrhizus R. 
thailandensis and Curvularia lunata were evaluated.  High mortality rates of 
eggs, loss of weight and reduced fertility of female R. sanguineus were 
observed (Oliver, Estrada –Pena and Gonzalez-Cabo, 1990). In addition, 
Candida haemulonii was tested on Argas persicus and Ornithodoros moubata 
inducing high mortalities. The study revealed the potential role that yeasts can 
play as biological control agents in controlling tick population (Loosova, 
Jindrak, and Kopacek, 2001). 
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 Fungi were also used as microbial insecticides. Verticillium lecanii was used 
to control aphids (Hall, 1981); Tolypocladium cylindrosporum was used to 
control mosquito larvae, Aedes. Australis (Gardner and Pillai, 1987); locust 
and grass hoppers were treated with M. flavoviride.  100% mortality of treated 
desert locust nymphs was achieved 7 days post inoculation (Abdelrahim, 
2002) 
1.7.5. Ticks and microorganisms:        
 Ticks may be naturally infected with fungi as reported by some 
workers. Natural infection of ticks with Aspergillus fumigatus, B. bassiana 
and Penicillium insectivora were recorded in unidentified ticks (Lipa, 1971). 
In Korea, other unnamed ticks were found to die of mycoses caused by 
Torrubiella species (Steinhaus and Marsh, 1962). These were causal 
observations but the organized study that was conducted to evaluate the 
pathogenicity of fungi was carried out by Samsinakova, Kalalova, Daniel, 
Dusbabek, Honzakova, and Ceruy (1974) in former Zechoslovakia. She 
succeeded in isolating 17 species of fungi from Dermacentor marginatus, D. 
reticularis and Ixodes ricinus collected from the field. Fungi commonly found 
were:  B. bassiana B. tenella, Cephalostomum coccorum and paecilomyces 
farinosus and Verticillium lecanii from Ixodes ricinus collected from 
vegetation, small rodents and deer. Beauveria bassiana, B. brongniartii, 
Paecilomyces fumosoroseus and V. aranearum were isolated from engorged 
ticks. In Brazil, da Costa, Saquis, Morales and Bittencourt (2002), reported the 
occurrance of B. bassiana and M. anisopliae on female B. microplus collected 
from soil. Hyalomma a. anatolicum collected from soil and cattle in the Sudan 
was found to be naturally infected with Aspergillus terreus, A. flavus, A. niger, 
penicillium and Alternaria species (Suliman, 2000). Other fungal species like 
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Mucor, Fusarium and Aspergillus were isolated from dead engorged 
Rhipicephalus appendiculatus (Mwangi, Newson and Kaaya, 1995).  
1.8. Virulence of fungal pathogens:  
         A fungal pathogen must possess a high and stable level of virulence or 
pathogenicity. This parameter is most conveniently measured by laboratory 
bioassay which allows the pathogenicity of different species or strains to be 
measured as well the susceptibility of different target hosts to the pathogen 
(Hall and papierok, 1982). The usual parameters which bioassay measures are 
LC50, LD50 and LT50 i.e. the concentration, the dose and time needed to kill 
50% of test ticks. For microbial control, it is essential to select the suitable 
candidate on the basis of its pathgenicity (Ferron, Fargues and Riba, 1991). B. 
bassiana, a well known broad- range arthropods pathogen produces extra 
cellular hydrolytic enzymes such as proteases and chitinases which probably 
degrade host cuticle and are suggested to be pathogenicity determinants 
(Campos, Arrudaw-Boldo, Da silva, de Barros, Azevedo, Schrank and 
Vainstein, 2005). 
1.9. Mode of action of entomogenous fungi: 
 Among all insect pathogens, fungi have a unique mode of action as they 
invade through exoskeleton (cuticle) in contrast to bacteria and viruses that 
pass through gut wall from contaminated food, fungi reach haemocoel through 
cuticle or possibly through mouth parts. Thus, infection results from direct 
contact between virulent pathogen and susceptible insect cuticle (Ferron, 
1981). Fungi could gain entrance through spiracular openings as in Beauveria 
bassiana (Pekrul and Grula, 1979), or through integument (Tanada, 1963).  
The latter being the principle mode of transmission of most fungi since an 
extensive fungal growth was evident on the tick's body (Oliver, et al., 1991).  
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Conidia attach to the cuticle, germinate and penetrate it. Once the fungus 
reaches the haemocoel, the mycelium ramifies throughout the host, forming 
yeast-like hyphal bodies referred to as blastspores. Host death is often due to a 
combination of actions such as fungal toxin, physical obstruction of blood 
circulation, nutrient depletion and invasion of organs (Lacey, 1997).  After 
host death, hyphae usually emerge from the cadaver and under appropriate 
conditions of temperature and humidity, produce conidia on the exterior of the 
host. Later, conidia disperse by wind or water. 
1.10. Fungal invasion:  
       When entomopathogenic fungi attack terrestrial insects or arthropods, 
appressorium is produced when conidia germinate on the epicuticle (Schable, 
1978). B. bassiana and B. amorpha showed appressorium formation during 
penetration of B. microplus cuticle (Campos et al., 2005). Similarly, Arruda, 
Lubeck, Schrank and Vainstein, (2005) demonstrated adhesion of M. 
anisopliae conidia to the cuticle of B. microplus followed by germination and 
appressorium formation which exerts mechanical pressure and triggers 
hydrolytic enzyme secretion leading to penetration. After penetration of 
arthropod cuticle by germ tubes, fungi rapidly invade the internal organs and 
ultimately kill the host arthropod (Kaaya, Kokwaro and Murithi, 1991).   It is 
at the level of the cuticle that host specificity may first be manifested (Brobyn 
and Wilding, 1977). The outer most layer of the cuticle, (epicuticle) contains 
lipids with antifungal nature, but its concentration is too low to be fungistatic. 
Generally, infection across the integument is facilitated by enzymes.. 
Entomopathogenic fungi are known to produce in vitro exocellular proteolytic, 
chitinolytic and lipolytic enzymes (Hall, 1981). Several histological studies 
suggested enzymatic activity during penetration (Brobyn and Wilding, 1977). 
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Mechanisms of pathogenicity and specificity appear to be complex and 
successful penetration depends upon the ability of spores to adhere to the 
cuticle, to germinate and to penetrate enzymatically. M. anisopliae infects 
insects and ticks via a combination of specialized structures such as 
appressorium and cuticle degradation by hydrolytic enzymes. Krieger de 
Moraes, Schrank and Vainstein, (2003) addressed the enzymatic activity of 
two chitinases: endo and N-acetyleglucosaminidases, and two proteases 
enzymes: subtilisin and trypsin-like proteases during infection of B. microplus 
with M. anisopliae. Similarly, Samsinakova, Misikova and Leopold, (1971) 
carried out several studies that suggested strong relation between enzymatic 
activity and virulence. Furthermore, Paris and Segreatain (1975) found that 
virulent strains of B. brongniartii were characterized by high lipase activity 
while certain non-virulent strains had marked proteolytic activity. 
In general, fungal strains which kill their hosts after extensive invasion 
sporulate well on cadaver if temperature and humidity are suitable.  In 
contrast, fungi that kill their host rapidly fail to invade the host effectively and 
consequently sporulate poorly due to strong competition from saprophytes 
(Hall and Papierok, 1982). 
1.11. Fungal Metabolites:  
  Fungi are able to produce secondary metabolites which cause toxic 
responses at low doses in vertebrates (Chu, 1992). They are considered as by-
products of fungal metabolism and are capable of eliciting deterious effects on 
other organisms through ingestion, inhalation or other involvement (Abbott, 
2002). They were reported to cause measurable changes in processes 
associated with humoral immunity in the host such as antibody formation, 
complement activity, blood clotting, interferon production and bactericidal 
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activity of the serum as well as cell-mediated immunity such as phagocytosis, 
delayed hypersensitivity and lymphocytes production. Serum IgG 
concentrations were significantly decreased in cows fed on contaminated total 
mixed ration containing fusarium mycotoxins (Korosteleva, Smith and 
Boermans, (2007).  Entomopathogenic fungi are known to produce toxins only 
in cultures which lead to depression of immune defense or death of their hosts 
(Gillespie and Claydon, 1989). The effect of toxins from B. bassiana, M. 
anisopliae and Paecilomyces fumosoroseus on soft tick, Argas persicus was 
investigated by Krylova, 1977 (cited by Mwangi, et al., 1995). The study 
revealed 10% mortality 96 hours post treatment, which indicates some 
resistance of the tick to infection. Many toxins have been identified in culture 
filtrate of Deuteromycetes (Roberts, 1981).  Also, Suzuki, Kawakami and 
Tamura (1971) demonstrated in vivo production of toxins by                    
Deuteromycetes. Higher fungi are also known to produce toxins. Microbial 
volatile organic compounds (MVOC), were identified in air samples by 
thermal desorption gas chromatography (Pasanen, Lappalainen and Pasanen, 
1996).  Approximately 100 halogenated metabolites have been identified from 
higher fungi belonging to Hypholoma, Mycena and Bjerkandera species (Silk, 
2001). The majority of these metabolites are chlorinated compounds.  The 
most common halogenated metabolites are simple methyl ethers of 
chlorophenols such as tetrachloro-4-methoxy phenol and 3, 5-dichloro-p-
anisyl alcohol. A keratinolytic fungus, S. brevicaulis was known to produce 
few volatile compounds using Gas chromatography mass spectrometry 
(Caileux, Bouchara, Daniel, Chabasse and Allain, 1992). Volatile sulphur 
compounds such as methionine were produced by S. brevicaulis from 
substrate containing sulphur compounds (Kadota and Ishida, 1972). Arsenite, 
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monomethylarsonate, dimethylarsinate and trimethylarsine oxide were 
separated and identified by hydride generation-gas chromatography- atomic 
absorption spectrometry (HG GC AA) method following incubation of S. 
brevicaulis with arsenite as a substrate (Cullen, Li, Hewitt, Reimer and Nadia, 
1994).  
  Exoenzymes are produced by S. brevicualis when grown in liquid 
media containing neopeptone or lipids. Enzymes were recovered from culture 
supernatants. The widest range of enzymes was seen in protein- containing 
media (Brasch and Zaldua, 1994). Extra cellular enzymes, proteases and 
lipases were reported to be produced by S. brevicualis (Singh and Vezina, 
1971). Proteases are released from mycelium on most cultivated media 
containing protein. They were shown to hydrolyze various soluble proteins 
such as casein, gelatin, serum, egg albumin, haemoglobin, myoglobin and 
cytochrome beside insoluble proteins like keratin, elastin, collagen, and fibrin. 
Also, poly L- lysine and poly-L-glutamic acid were hydrolysed by S. 
brevicaulis protease (Singh and Vezina, 1972). The final products of poly-L-
lysine digested by the protease were intermediate peptides such as tetramer 
while Pentalysine was not hydrolyzed by the enzyme. The enzyme had no 
action on other amino acids such as poly-L- aspartic acid, poly- L-alanine, and 
poly-L- glycine, poly-L-valine and poly- L-leucine.  
1.12. Immunity and defense mechanism of ticks: 
1.12.1. Haemolymph:  
          Haemolymph is the circulating fluid of invertebrates, including all 
arthropods and most mollusks that have an open circulatory system. It is the 
blood plasma or liquid part of the blood, analogous to blood and lymph in 
vertebrate animals and is not confined in a system of vessels but contained in 
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the body cavity. It consists of water, amino acids, inorganic salts, lipids, 
sugars and white cells like that of blood.  It circulates oxygen, nutrients and 
hormones to different organs (Anon, 2005). Salivary glands extracts derived 
from unfed and partially fed R. appendiculatus revealed that haemolymph and 
salivary glands extracts have common antigens and may share some functions. 
A number of protein bands were detected in haemolymph before they appear 
in salivary glands or saliva. Thus, some antigens detected in salivary glands or 
saliva may be derived from haemolymph (Wang and Nuttall, 1994).  
1.12.2. Haemocytes: 
       These are the blood cells associated with haemocoel, particularly those of 
insects and crustacean. Despite the name, they are more leukocyte- like, being 
phagocytic in nature and are involved in defence and clotting of haemolymph 
and are not involved in transport of oxygen (John, 2006). They are released 
from haematopoietic tissue (Jiravanichpaisal, Lee, and Soder-Hall, 2006). 
There are variations in haemocytes between tick species which may be due to 
age difference among the species or due to intrinsic metabolic needs of each 
species. Elisa and Doemon (2001) demonstrated the presence of 
prohaemocytes, plasmatocytes and spherulocytes in adult Amblyomma 
cajennense and prohaemocytes, plasmatocytes and granulocytes in 
Haemaphysalis species. Haemocytes of Ixodes ricinus were characterized on 
the basis of their ultrastruture, their ability to digest foreign material and 
produce or store molecules of immune defense. Distinction was made between 
types of haemocytes according to absence or presence of granular inclusions, 
shape and size of lysosomal compartments, the rough endoplasmic reticulum, 
ultrastructural and functional similarity to corresponding haemocytes of 
insects. Three types of haemocytes were found in adult ticks. These include: 
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plasmatocytes and type-1and type 11 granular haemocytes (Kuhn and Haug, 
1994).  Barbara and Vaclav, (2005) investigated haemocytes of I. ricinus and 
Ornithodoros moubata. They reported that three groups of morphologically 
distinct types of haemocytes were determined: a typical non phagocyte 
granular cell with electron-dense granular and homogenous cytoplasm (Gr11) 
and two different types of phagocytic haemocytes, namely plasmatocytes with 
low number of granula and phagocytic granulocytes designated as (Gr1). 
Bazlikova, Kazar and Schramek, (1984) demonstrated phagocytosis of 
Coxiella burnetii by a laboratory bred-half engorged Hyalomma dromedarii.  
An additional cell type resembling insect spherulocytes was determined in O. 
moubata which represent a cell type typical of soft tick only. Elshoura (2005) 
described the fine structure of haemocytes and nephrocytes in Argas persicus 
and compared it with that of similar cells in other tick species and insects. 
Three types of haemocytes were demonstrated: prohaemocytes, with a 
relatively undifferentiated cytoplasm, lacking granular inclusions and  
probably serving as progenitors of other haemolymph cell types; 
plasmatocytes, containing abundant mitochondria, cisternae of rough 
endoplasmic reticulum, free ribosome as well as some small granular 
inclusions and granulocytes which are the predominant cell type in the 
haemolymph containing numerous granules of variable electron density and 
maturity and pseudopodia-like processes in the cell surface. Plasmatocytes and 
granulocytes are phagocytic and possibly have other functions in the tick 
body. Other cells with intermediate features appeared to be in a state of 
transition from plasmatocytes to granulocytes.  
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1.12.3. Innate immunity in ticks:   
      Ticks are known to transmit many types of pathogenic organisms than any 
other hematophagus arthropods (De Mar, 2006). Cell mediated and humoral 
responses by invertebrates are simpler than vertebrates. Haemocytes play a 
major role in this immune response through phagocytosis, nodules formation 
and encapsulation of the invading foreign materials. These mechanisms appear 
to function on both soft and hard ticks. Humoral immune responses consist of 
three main types; humoral encapsulation, hemagglutination and production of 
antimicrobial proteins. Humoral encapsulation is elicited by prophenoloxidase 
activating system and was shown to function in soft tick. However, recent 
studies showed that hard ticks also have prophenoloxidase activating factors 
indicating humoral encapsulation. Tick lectins function in hemagglutination of 
various microorganisms in both soft and hard ticks and also appear to function 
as recognition molecules of non self and possibly in transmission of 
pathogenic microorganisms. Ticks have numerous antimicrobial proteins that 
attack the invading microorganisms (De Mar, 2006). Lysozymes of several 
tick species have bactericidal effect and work in concert with other 
antimicrobial peptides to kill the invaders. Hemoglobin fragments also have 
antimicrobial activity in the mid gut of ticks as well as defensins. Moreover, 
cystatin, the classic cystein protease inhibitors functions in innate immune 
responses of ticks. 
1.12.4. Defense mechanism of ticks:  
       Ticks may have a mechanism of getting rid of foreign protein via salivary 
glands. Such mechanism could involve IgG binding proteins (IGBPS) which 
were found in haemolymph and salivary gland excretion.  Three abundant 
(IGBPS) of a 29 kDa (IGBp-MA), 25 kDa (IGBp-MB), and 21 kDa (IGBp-
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MC) were isolated from fed male R. appendiculatus (Wang and Nuttall, 
1995). Immunoglobulin molecules of vertebrate host can pass through gut 
barrier into haemolymph of ectoparasites while retaining antibody activities. 
Haemolymph also has a role to play in coagulation. Haemolymph coagulation is 
one of such defense system in innate immunity. Immunoglobulin-G in the 
parasite was excreted via salivation during feeding. IGBPS in tick 
haemolymph and salivary glands are thought to be responsible for such 
excretion. The immunoglobulin excretion system in ticks indicates that they 
have a highly developed mechanism to protect themselves from their host's 
antibody attack (Wang and Nuttall, 1999). 
      Tick haemocytes have a role to play in haematopoiesis, coagulation, 
melanization and opsonization (Jiravanichpaisal et al., 2006). They have 
developed defense systems that respond to common antigens on the surface of 
potential pathogens.  Tissue-specific lectin/haemagglutinin activities of both 
soft and hard ticks have been investigsted (Grubhoffer, Kovar and Rudenko, 
2004). Some tick lectins are proteins with binding affinity for sialic acid 
derivatives of hexosamines and different glycoconjugates. Most tick lectins 
are blood meal enhanced and could serve as molecular factors of self and non 
self recognition in defense reactions against bacteria or fungi as well as 
pathogen/parasite transmission. Dorin M, the plasma lectin of O. moubata was 
the first lectin purified from haemolymph of ticks and so far characterized 
while partial characterization of other tick lectins has been mainly performed 
with respect to their carbohydrate binding specificities and immuno chemical 
factors. Lysozyme-like immunoreactivity of haemocytes suggests bactericidal 
potential. Detection to a 25 kDa antigenic protein involved   in cuticle 
formation further suggests their involvement in wound healing and 
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encapsulation (Kuhn and Haug, 1994). The interaction between host 
integument and fungal pathogen is affected by many factors. These include 
moulting, host defense, fungal strain, presence of nutrients on host integument 
and environmental factors like humidity (Goettel, 1992). Once the cuticle and 
the epidermis have been breached, the invading fungus is faced with the 
haemolymph (Gunnarsson, 1988). Within the haemocoel, the main defense 
against the invading fungus appears to be the entrapment of the small elements 
of the fungus in a mass of sticky blood cells (haemocytes), nodules formation 
and the encapsulation of hyphal fragments by layers of blood cells (De Mar, 
2006). The presence of the fungus seems to stimulate the haemocytes 
aggregation. Entomopathogenic fungi are known to produce toxins which 
might enable them to overcome these barriers as fungal toxins might weaken 
the haemocytic multicellular reactions (Vey and Quiot, 1975). Toxins were 
interfered with cell metabolism and immune response.  Fusarium mycotoxins 
have been shown to alter cell metabolism as well as hematology and 
immunological indices of treated turkeys (Chowdhury, Smith, Boermans and 
Woodward, 2005).   
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1. Media: 
2.1.1. Solid media: 
       Sabouraud dextrose agar (SDA), Potato dextrose agar (PDA), Brain heart 
infusion agar (BHIA), Malt extract agar (MEA) and Czapek Dox agar 
(CZDA) were used to cultivate and isolate fungi. Media were prepared 
according to manufacturer’s recommendations (Oxoid, 1982). Ingredients and 
methods of preparation are presented in (Appendix 1). 
 2.1. 2. Liquid media: 
      Glucose and BHI broth were used for mass production and metabolite 
profiling (Appendix 2). 
2.1.3. Antibiotic and antifungal agents: 
       Chloramphenicol was used to suppress bacterial growth while 
cycloheximide (Actidione) was used as fungicide (Appendix 3). 
2.1.4. Stains: 
Giemsa stain (10%):  
Ingredients and method of preparation are shown in (Appendix 4). 
2.1.5. Mounts: 
1- Potassium hydroxide (KOH): 
2- Lactophenol Cotton Blue (LPCB):   
Formulae and ingredients are presented in (Appendix 5).  
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2.1.6. Samples: 
2. 1.6.1. Ticks: 
      Tick colonies were established by collecting adult engorged ticks from 
ElGadarif area as well as University of Khartoum Farm at Shambat. Ticks 
were identified according to Hoogstraal (1956) method.  Amblyomma lepidum 
and Hyalomma anatolicum anatolicum were chosen for this study. Rearing of 
ticks under laboratory conditions was carried out according to Bailey (1960). 
2.1.6.2. Fungal Strains: 
2.1.6.2.1. Metarhizium anisopliae: 
     Metarhizium anisopliae strain 62 was obtained from the International 
Centre of Insect Physiology and Ecology (ICIPE). The fungus was isolated 
from soil using Galleria bait technique (Zimmermann, 1986).                                                 
2. 1.6.2.2. Scopulariopsis brevicaulis:                                                       
    This fungus was isolated from dead A. lepidum engorged females that had 
fed on cattle and were collected in ElDamazin town. Isolation of the fungus 
was carried out according to the method described by Goettel and Douglas-
Inglis (1997).                                                                                                           
2.2. Methods 
2.2.1. Sterilization: 
      Aseptic technique which is the base of all microbiological work was 
strictly followed. Culture needles, and wire loops were heated in a flame until 
getting red.  Glassware i.e. test-tubes, Pasteur pipettes, flasks, Petri dishes, 
McCartney bottles were sterilized in a hot air oven at 1600C for 1 hour. The 
screw-capped bottles, media and distilled water were autoclaved at 1210C, 15 
psi for 15-20 minutes while plastic tools were dipped into 70% ethanol and 
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then flamed (Bateman, Carey, Douro-Kpindou, Godonoui, Goettel, Jenkins, 
Kooyman, Lomer, Moore, Paraiso and Prior, 1995).                                                                
2.2.2. Bioassay of the fungi tested.                                                          
2.2.2.1. Isolation of the fungus: 
     Dead A. lepidum females and engorged larvae were brought to the 
laboratory from Eldamazin town for detection of fungal elements. The 
mummified ticks were gently scraped using a sterile wire loop. The harvest 
was examined directly by placing few scrapings on a slide containing few 
drops of 20% KOH. A coverslip was applied, and the slide was gently warmed 
and examined at 10 X and 40 X objective lens of light microscope. Similarly, 
dead larvae were microscopically examined.   Harvests from the females and 
dead larvae were cultured in duplicate slopes and plates of SDA and MEA 
with 0.05 mg/ml chloramphenicol and 0.5 mg/ml cycloheximide. Cultures 
were then incubated at 270C and examined daily for two weeks. Moreover, 
surface disinfection of A. lepidum cadavers was carried  out  according  to  
method  described  by   Lacey  ( 1997) by placing ticks in 70% alcohol for few 
seconds to facilitate wetting of the specimen then dipped in dilute sodium 
hypochlorite (1% NaOCL) for one minute and finely rinsed briefly in three 
changes of sterile water. Ticks were then dried using sterile filter paper 
Whatman (No. 4). Some of the ticks were directly cultured onto SDA plates 
while others were homogenized by adding sterile distilled water and then 
crushed using a mortar and pestle before culture. Plates were incubated at 27 
0C for two weeks. Colonies of fungi which developed later were examined, 
subcultured on SDA and kept for further studies.   
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2.2.2.2.   Identification of the isolate:                                 
      Isolated fungi were tentatively identified on the basis of their 
morphology according to monographs of Otcenasek and Dvorak, 1973; 
Clayton and Midgley, 1989). A small portion of each fungal colony was 
picked with a culture needle. The growth was mounted in lacto phenol cotton 
blue on a slide. A cover slip was then applied and the slide was examined 
microscopically. For conformation, the developed fungal colony was   
lyophilized according to the method described by Cruickshank, Duguid, 
Marmion and Swain, (1975): Fungal colony was covered with 3 ml sterile 
horse serum. Two ml of colony suspension were collected into sterilized bijou 
bottles, kept in a freezer over night. The bottles were transferred to Lyotrap 
machine Edwards (LTE) and the suspensions were rapidly dried in a vacuum 
at -40oC by sublimation of ice. Lyophilized cultures were sent to Technical 
University of Denmark, Centre for Microbial Biotechnology for identification.                    
2.2.2.3   Preparation of spore suspension: 
    Propagules were formulated in a water carrier according to (Goettle and 
Dougals-Inglis (1997) method. Spores of S. brevicaulis and M. anisopliae 
were suspended in water. Spore suspensions were prepared according to the 
method described by Maniania (1992). Mature colonies (10-14 days) of M. 
anisopliae and S. brevicaulis were harvested by scraping from surface 
cultures. The harvests were collected in McCarteny bottles with glass beads. 
Ten milliliters of sterile water containing 0.1% tween-80 were added to the 
bottles.   Glass beads were used to facilitate separation of the propagules and 
tween-80 to reduce the surface tension. Bottles were then agitated on vibrant 
shaker (Auto-vortex mixer, Stuart Scientific Co. Ltd., Great Britain) for 5 
minutes to produce homogenous conidial suspensions. The suspensions were 
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filtered through sterile glass wool packed into 10 ml disposable syringes. The 
suspensions were centrifuged at 3000 r.p.m for 10 minutes. The supernatants 
were discarded and the sediments were washed three times by centrifugation 
in sterile distilled water. A test sample of each suspension was examined 
microscopically to confirm that it contained microconidia only. The sediments 
were then resuspended in sterile distilled water and kept at 40C till used.                    
2.2.2.4. Preparation of culture filtrate of S. brevicaulis: 
       The fungus was cultivated on SDA for two weeks at 270C. Colonies were 
removed and transferred to 50 ml glucose broth in three 250 ml flasks on a 
shaking incubator at 100 r.p.m. and 260C for three days. Flasks were kept at 
room temperature for further three days. The mycelia were removed by 
filtration and the solutions were centrifuged three times at 3000 r.p.m. for 10 
minutes to remove mycelial fragments. They were sterilized by passing 
through nitrocellulose filter pore- size (0.45µ) and then kept at 40C.  
2.2.2.5. Quantification of propagules:                                
       Improved Neubauer chamber was used to quantify the number of 
propagules per unit volume according to Goettel and Douglas-Inglis (1997) 
method. The spore suspension was agitated for 5 minutes and then loaded on 
each side of the haemocytometer. Propagules were allowed to settle for five 
minutes. The average number of propagules per cell was calculated. The 
number of spores counted on both sides of the chamber x volume conversion 
factor gave the number of propagules per ml in the original solution.  The 
original suspension was then diluted to obtain the desired target concentrations 
such as 108, 107 and 106spores/ml. Ten- fold dilutions from the suspensions 
were prepared in four sterile test tubes each containing 9 ml sterile distilled 
water. One ml of resuspended spore suspension was added to the first tube 
 
 
 
 33
with microtitre pipette (1000µl capacity). The tube was shaken manually for 
few seconds then 1 ml of the first tube was transferred to the next tube.  The 
serial ten-fold dilution was continued till the fourth tube.                                                
2.2.2.6.   Viability testing: 
      Plating technique was used to provide a measure of viable propagules per 
unit volume. The technique was preferable to haemocytometer because only 
the viable propagules were counted in contrast to haemocytometer which does 
not distinguish between viable and non-viable propagules. Spore viability was 
determined so that doses can be prepared on the basis of viable propagules 
according to the method described by Lacey (1997). Two methods were used 
to measure the viability of the spores.  
2.2.2.6.1. Germination test: 
      Spore viability was determined by germinating propagules on a translucent 
agar medium such as SDA.  Propagules from the same batch to be used in the 
bioassay were immediately processed prior to the preparation of the inoculum. 
The spore suspensions for both strains were prepared as above. A volume of 
0.1 ml of 106 propagules was spread onto the media in 8.5 cm-diameter Petri 
dish using sterile bent glass rod. Six sterile cover-slips were fixed onto the 
surface of the plates. The plates were then incubated in the dark at room 
temperature for 18-24 hours. Six fields were microscopically examined and at 
least 600 spores were calculated. Percentage germination was calculated as 
following. 
 Percent germination =       germinating spores x1oo 
                                             (germinating +non-germinating) 
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2.2.2.6.2. Colony forming units (CFU):                  
     Viability of both strains was determined by dilution plating method as 
described by Goettel and Douglas-Inglis (1997). The original suspension was 
diluted in a 10-fold dilution series by placing 100 µl in 0.9 ml of water. Each 
dilution was vortexed for 10 seconds before being transferred to the next tube. 
A volume of 100µl of the suspension was uniformly spread on the surface of 
the SDA medium and the plates were kept at room temperature for 3 days. 
The number of colony forming units (cfu) was counted at the dilution 3 that 
yielded 265 cfu per dish as follows: 
The number of viable propagules   per ml = number of colonies x tube dilution 
factor x plating dilution factor.                                                                                       
2.2.2.7. Mass production of S. brevicaulis and M. anisopliae: 
    Both strains were mass-produced according to the method described by 
Ferron (1978). The process of mass production included two stages.                                      
2.2.2.7.1. Stage 1: Liquid media: 
      It is essential for promotion of rapid mycelial growth which was used to 
inoculate the second solid stage.  Broth media were prepared by mixing the 
required ingredients of the liquid media. A volume of 50 ml were 
disseminated in 250ml flasks plugged with non absorbent cotton, covered with 
Aluminum foil and autoclaved at 1210C for 20 minutes. 
2.2.2.7.2. Preparation of Starter culture of M. anisopliae and S. 
brevicaulis: 
      Spores from a 2 -3 weeks culture maintained onto SDA were gently 
scraped and suspended in sterile water containing 0.1% tween 80. 
Concentration of the spores was adjusted to 106 spores/ml using Improved 
Neubauer chamber. The spore suspension was thoroughly shaken. The flasks 
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which contained 50 ml of the broth media (15grams yeast extract, 15grams 
glucose, 5grams peptone, 1000 ml distilled water) were inoculated with 1ml of 
the spore suspension. Both inoculated and un inoculated broth media were 
checked for contamination by examining them microscopically. Flasks were 
then incubated on a shaking incubator at 150 r.p.m for 3 days at 25 0C ±10C. 
On day 4 cultures were checked for contamination. About 1ml was taken from 
the pure culture to inoculate other clean broth media and the process was 
repeated.                                                                                    
2.2.2.7.3.   Stage 2: Solid substrate: 
2.2.2.7.3.1. Preparation of rice substrate: 
      Broken white rice was chosen because it is cheaper than whole grain rice 
and has a suitable particle size. It was washed in cold water to remove any 
starch dust or foreign bodies and excess water was drained off. Approximately 
one kilogram of rice was placed in a large plastic container.  One kilogram of 
pumice stones was added to the rice to increase its volume and for spores to 
multiply on them. Rice was covered with 300ml boiling water and left for 30 
minutes to be cooked. It was frequently stirred to prevent sticking and uneven 
absorption of water then distributed into polyethylene autoclavable bags 
(500gm/bag). The bags were sealed with electrical sealer and autoclaved at 
121oC, at 15psi for 40 minutes. After cooling to room temperature the bags 
were opened and the rice was inoculated with the broth culture. One flask of 
liquid inoculm was used for each 500gm bag of rice. The neck of the flask was 
flamed and the whole contents were poured onto the rice in the bag. The bags 
were resealed off again. They were then massaged from outside to distribute 
the inoculum evenly over all the rice grains. They were left at room 
temperature for 10 days to allow sporulation to occur. When the fungus 
 
 
 
 36
sporulated over the surface of the rice grains, the bags were opened and the 
rice was transferred to large sterile bowels which were kept uncovered on the 
shelf at room temperature with humidifier set at 30% relative humidity for 
fungal spores to get dry.                                                                                    
2.2.2.7.3. 2.  Extraction of conidia from rice:                                                                   
The dry rice was carefully placed on a metal sieve with a mesh and the 
spore powder was collected in a plastic bag. The extracted conidia were 
transferred to plastic boxes for further drying. Dry spores were transferred to a 
desiccator with cold silica gel and left uncovered for 1-3 weeks for excessive 
dryness. The harvest was then collected in plastic bags and was 
microscopically examined for contamination.   Finally, the bags were   sealed 
and stored in a refrigerator. 
2.2.2.8. Metabolite profiling of S. brevicaulis: 
     Thin layer chromatography (TLC) was used to separate the components of 
S. brevicaulis culture filtrate according to the method described by Frisvad, 
Filtenborg and Thrane (1989). The method was used without metabolite 
standard as it was a profile. Instead a broad spectrum antifungal, griseofulvin 
was used. The work was done in a fume hood.  Two agar plugs from SDA 
colony were cut using Pasteur pipette. The mycelium side was gently pressed 
for a few seconds onto TLC plate coated with silica gel 60, Merck Art 5721   
with the agar side facing down towards the plate 2.5 cm from the bottom line. 
Other two agar plugs from BHIA were also placed on the plate with the agar 
side down towards the plate placed at 1cm from where the SDA plugs were 
placed. When liquid extracted from the agar plugs was visible on the plate, 
plugs were removed. Griseofulvin was prepared as 100mg/ml in methanol. It 
was placed in the middle lane as internal standard. The plate was then eluted 
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for 15min in CAP (chloroform/acetone/2-propanol: 85: 15: 20).  The plate was 
dried for 5 minutes. Another plate was prepared in the same way as the above 
one but eluted for 15 minutes in TEF (Toluene/ethyl acetate /90% formic acid:  
5: 4:1). Then the TLC plate was dried for 1 hour and seen under UV light (366 
and 265nm) and in day light. Later, the plate was sprayed with Alcl3 (20% 
Alcl3.6 H2o in 60% ethanol) and then heated at 130 0C for 8 minutes. The 
secondary metabolites were examined under UV and day light. Finally, the 
first plate was sprayed with Ce (SO4)2(1% in 3MH2SO4). Similarly the second 
plate was sprayed with ANIS (0.5% p-anis aldehyde in ethanol / con-acetic 
acid/con-sulphuric acid; 17/2/1). The plate was heated at 1300C for 8 minutes. 
The secondary metabolites were examined under UV and day light. The 
separated spots were then scraped, dissolved in 5 ml of acetone, filtered 
through Whatman (No.1) filter paper. The solution was transferred to screw-
capped bottles and injected in GC-MS (Gas chromatography Mass 
spectrometer) to determine the volatile compounds which might be present in 
the culture filtrate of S. brevicaulis.                                                                                         
2.2.2.9. Biochemical analysis of the metabolites of S. brevicaulis:           
2.2.2.9.1. Total protein: 
      It was estimated according to the biuret method described by 
Weichselbaum (1946). The method was based on the reaction of the protein 
with copper sulphate in the presence of sodium hydroxide. The Rochelle salt 
(K- Na- tartarate) contained in the biuret reagent was utilized to keep the 
formed cupric hydroxide in solution which gives the blue colour. A volume of 
0.2 ml of culture filtrate and 2.8 ml distilled water were added to 5 ml of 
biuret reagent and the mixture was incubated for 30 minutes at room 
temperature.The absorbance of the sample and that of the standard (3 ml of 
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0.5% bovine albumin) were read against the reagent blank (3ml distilled 
water) in a spectrophotometer at a wave length of 540 nm.  The total protein in 
g/dl is calculated using the following formula:                                        
Concentration of total protein = T- B x 7.5 g /dl 
                                                   S – B 
Where T= test (culture filtrate); B= Blank (3 ml distilled water); S= protein 
standard (3 ml of 0.5% bovine albumin); 7.5= factor. 
2.2.2.9.2. Albumin: 
       It was determined by the use of Bromocresol green method as described 
by Bartholomew and Delany (1966). The test was based on the measurement 
of albumin binding to the indicator. The test mixture (0.02 ml of culture 
filtrate +4 ml bromocresol green) was incubated for 5 minutes at room 
temperature, and then read in a spectrophotometer at a wave length of 637 nm; 
the results were recorded and calculated in g / dl as follows:   T-B×5 
                                                                                     S-B 
Where T= (culture filtrate); B= Blank (4 ml Bromocresol green); S= Standard 
(3.8 ml of BCG + 0.2 ml working standard, bovine albumin); 5= factor.                                
2.2.2.9.3. Qualitative amino acid determination: 
The ninhydrine test: 
       One ml of filtrate solution was placed in a test tube. Five drops of 0.002% 
ninhydrine prepared fresh was added to the tube and the solution was boiled 
for 2 minutes. Amino acids will be oxidized by ninhydrine producing purple 
colored compounds.   
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2.2.2.9.4. Minerals: 
2.2.2.9.4.1. Calcium: 
      Calcium was determined using Arsenazo 111 method described by Smith 
and Bauer (1979) which is based on reaction of Arsenazo 111 with calcium in 
acid solution to form a blue purple complex. The intensity of colour is 
proportional to the calcium concentration. A volume of 0.1ml of the filtrate + 
9.9 sterile distilled water was added to 1ml of reagent 1: (Imidazole buffer: 
100 mmol/L, pH 6.5; Arsenazo 111: 120 mmol/L). The mixture was allowed 
to stand for 5 minutes before being read at 650nm in spectrophotometer 
(unicam8625 UV/VIS spectrometer). Standard was prepared by adding 1ml of 
reagent 1 to 0.01ml of the standard. (Standard: Calcium 10 mg/dl) 
Calculation of calcium was done as follows:  
Reading of absorbancy of the filtrate x10 = calcium in mg/dl 
Reading of absorbancy of standard                                      
2.2.2.9.4.2. Sodium and potassium: 
       Sodium and potassium concentrations were determined by flame 
photometer (Corning 400) as described by Varley (1975).  In stoppered 
dimineralized test tubes, 0.1 ml of the filtrate was diluted with 9.9 ml of 
distilled water mixed and then read.  Sodium and potassium concentrations 
were calculated as follows:                                        
Sodium concentration:  Reading of the diluted filtrate x 140 = meq/l                                      
Potassium concentration:  
2.2.2.9.5. Qualitative Lipid determination: 
       Iodine solution (diluted iodine solution in chloroform) was added to 2 ml 
of the filtrate drop by drop. The solution was shaken by hand after each 
 
 
 
 40
addition. The process was continued until the iodine just failed to be 
decolorized. 
2.2.2.9.6. Quantitative lipid determinatiuon: 
         Soxhlet apparatus was used to determine fat content in the filtrate. About 
50 ml petroleum ether was added to 1ml of the filtrate. Fat content was 
determined using the following formula:  
      W.C (weight of crucible + E.E (Ether- Extract) - W.C     X100% 
                               W.S (weight of sample)                                                  
 2.2.2.10. Pathogenicity of S. brevicaulis and M. anisopliae:  
      Various developmental stages of H. a. anatolicum and A. lepidum were 
subjected to infection with S. brevicaulis and M. anisopliae. The following 
parameters: percentage mortality, female fecundity, weights of females, 
weights of immature stages, moulting and percentage hatchability of eggs 
were evaluated.                                                                                                
2.2.2.10.1. Treatment of flat larvae: 
       Three replicates of H. a. anatolicun and A. lepidum flat larvae were 
subjected to treatment with spore suspension of M. anisopliae and S. 
brevicaulis spore suspepsion and filtrate. A concentrations of 107spores/ml in 
distilled water were prepared according to Kaaya (1989) method were used. 
Inoculation was performed by dipping 150 larvae into each spore suspension 
and filtrate for 1min following the method described by Mwangi, et al. (1995). 
Larvae were dried with sterile filter paper Whatman (No.4), and then kept in 
sterile plastic test tubes covered with nylon mesh bounded to the rim of the 
tubes with rubber bands. Three replicates of 150 flat larvae treated in the same 
way with sterile distilled water served as control. Both treated and control H. 
a. anatolicum and A. lepidum flat larvae were maintained at 27 0C ±1 0C with 
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100% relative humidity (R.H) using plain water. Larvae were checked every 
two days. Infection rate and percentage mortality were recorded.              
2.2.2.10.2. Treatment of engorged larvae: 
       Engorged larvae of H. a. anatolicum and A. lepidum were treated by 
dipping into the   spore suspensions   of M. anisopliae, S. brevicaulis and its 
filtrate for 3 minutes. Three replicates each of 100 engorged larvae were tested 
following the same procedure as above. Infection rate and percentage   
molting were recorded for each group.                  
2.2.2.10.3.   Treatment of nymphs:                                                      
      Both Flat and engorged  nymphs of H. a. anatolicum were subjected to 
infection with 107 spores/ml of M. anisopliae and S. brevicaulis and its filtrate 
by dipping for  3 minutes following the same procedure applied for larvae. 
Nymphs were transferred to sterile Petri dishes with filter paper to dry.   They 
were kept in sterile test tubes covered with nylon mesh bounded with rubber 
bands and placed in desiccators in an incubator set at 280C. Three replicates 
each of 100 flat nymphs and 50 engorged nymphs were used. Control groups 
were treated with sterile distilled water. Treated engorged nymphs were 
observed for moulting and development of mycosis and mortality. Dead 
engorged nymphs were surface disinfected according to the method described 
by Mwangi, et al. (1995). Disinfected ticks were then kept in a moist chamber, 
left at room temperature and observed for fungal growth.                                                        
2.2.2.10.4. Treatment of flat adult H. a. anatolicum: 
         Twenty Flat adult female H. a. anatolicum were subjected to treatment 
with M. anisopliae spores, S. brevicaulis spores and filtrate following the 
procedure described above.  Spores of 1x107sp/ml were used. The control 
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group was treated with sterile distilled water. The experiment was repeated 
three times. Mortality of treated ticks was recorded.                                                          
2.2.2.10.5. Treatment of flat adult A. variegatum:  
      Five vials of five ticks each were placed in CO2 ice for ticks to settle 
before spraying. Different concentrations of M. anisopliae spores: 1010, 109, 
108and 107spores/ml were prepared. Four vials were automatically sprayed 
with Burgerjon sprayer with the different concentrations. The fifth vial was 
sprayed with sterile distilled water and kept as control. Ticks were placed in 
desiccators with concentrated potassium chloride (KCL) to give 85% humidity 
and incubated at 270C. Surface disinfection of dead ticks was done 7 days post 
treatment. Four small plastic containers were provided. The first one contained 
0.5% sodium hypochlorite, the second 70% alcohol, and third and fourth 
sterile distilled water. Dead ticks were dipped with a pair of forceps into 
sodium hypochlorite for few seconds then transferred to 70% alcohol, and to 
distilled water for 1-2 minutes. Ticks were transferred to plates with filter 
paper wetted with sterile distilled water. The plates were covered, sealed with 
a parafilm paper and kept at room temperature. Ticks covered with mycelia 
were microscopically examined.   
2.2.2.10.6.   Treatment of adult engorged H. a. anatolicum and A. lepidum: 
       The experiment was conducted with engorged females of both tick 
species. Lots of 50 engorged females were used to test each pathogen.  
Females were weighed on a sensitive balance. They were treated by 
immersion method for 5 minutes using 3.5x107spores/ml of M. anisopliae and 
S. brevicaulis. In addition control groups were immersed in sterile distilled 
water. They were maintained under the same conditions of incubation and 
observed for mortality, oviposition, eggs laid and hatchability.                   
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2.2.2.10.7. Treatment of engorged A. lepidum by injection: 
       Engorged adult females of A. lepidum were surface disinfected with 70% 
alcohol then washed with sterile distilled water. A volume of 0.1 ml of 104 
sp/ml S. brevicaulis was injected between the third and fourth coxae using fine 
I ml insulin syringe. Injection was made.  Ticks were kept at room 
temperature in desiccators with plain water (100% R.H). They were then daily 
observed for development of mycosis, mortality, oviposition, and hatching of 
eggs. Control groups were injected with sterile distilled water in addition to an 
un injected control groups that were kept under the same conditions of 
incubation. Three replicates each of 10 ticks were used for each treatment.                           
2.2.2.11.   Examination of haemocytes: 
       Haemolymph of A. variegatum infected with M. anisopliae and H. a. 
anatolicum and A. lepidum infected with S.brevicaulis was examined. Three 
groups of 10 flat adult A. variegatum were injected with 0.1ml of 104 sp/ml of 
M .anisopliae by piercing between the third and fourth coxae via inter 
segmental membrane using Hamilton needle. Ticks were then incubated at 27 
0 C under 100% R.H for 1-2 days. Ticks were surface disinfected by wiping 
their integuments with cotton soaked in 70% alcohol then washed with sterile 
distilled water. Haemolymph was drawn. Haemolymph was collected in 
haematocrit tubes by cutting with a pair of fine scissors through the first legs 
of ticks below the joints. Some were transferred to appendorf tubes which 
were placed in a plastic bucket containing ice while others were blown 
directly on a clean slide.  A drop of 10% Giemsa's stain was added, a cover 
slip was applied and the slide was examined at 40X magnification of light 
microscope.  Another group of flat adult H. a. anatolicum and A. lepidum 
were infected with S. brevicaulis spore suspension by immersion method as 
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described before.  Treated ticks were kept at 27 0C ± 1 0C with 75-100% R.H 
for 7 days. Haemolymph was collected and examined.  Other flat adult 
injected with sterile distilled water served as controls to demonstrate the 
haemocytes in normal untreated ticks.                                                                                     
2.2.2.12. Testing infectivity of S. brevicaulis and M. anisopliae spore 
suspensions to H. a. anatolicum: 
     Three replicates of five flat H. a. anatolicum each were coated with 2 ml S. 
brevicaulis and M. anisopliae 107 spore suspension according to Yoder, et al. 
(2003) method. They were placed into individual mesh-covered vials (one tick 
per vial) and maintained at 270C and 100% R.H, and were observed for 
development of fungal infection. Exposed ticks were surface sterilized by 
shaking vigorously in capped sterile vials with de ionized water, absolute 
ethanol and 5% NaOCL at ratio of 18:1:1 for 1 minute. The surface sterilized 
solution was then removed and the ticks were rinsed twice (with shaking) for 
1 minute in fresh sterile de ionized water to ensure isolation of conidia from 
inside the ticks. Ticks were transferred to a Petri plates (9 cm diameter) and 
cut into 2-3 parts   with a sterile scalpel. The scalpel was sterilized after each 
tick was cut. Tick sections were placed onto fresh SDA and BHIA plate 
media, incubated at 270C and observed for 2 weeks for fungal growth to 
develop.  Slides taken from colonized ticks, mounted in lacto phenol cotton 
blue were microscopically examined.   
2.2.2.13. Persistence of S. brevicaulis:  
     This experiment was conducted to determine the residual effect of S. 
brevicaulis on rabbits’ ears. Three laboratoy–reared rabbits, six months of age 
were subjected to infection with 2 x 107 spores /ml of S. brevicaulis. 
Rabbits’ears were wetting with 1ml of the spore suspension. Prior to wetting, 
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the ears were thoroughly washed with soap and water, disinfected with 75% 
ethanol and left for 1 hour to dry. Rabbits had free access to clean water and 
were fed on green fodder for 120 days during which skin scrapings were 
weekly taken mounted in 20% KOH and microscopically examined. Some of 
the scrapings were cultured onto agar media incubated at 27 0C and observed 
for development of fungal colonies. Later, slides taken from skin scraping or 
cultures were mounted in lactophenol cotton blue and microscopically 
examined.                                                                                                      
2.2.2.14. Effect of S. brevicaulis on feeding: 
     Engorged larvae of H. a. anatolicum were treated by immersing into 4.8 x 
107 sp/ml S. brevicaulis spore suspension. They were kept at room 
temperature with 75% R.H. After moulting to flat nymphs, they were weighed 
on a sensitive balance and then allowed to feed on rabbits. A hundred 
laboratory reared flat nymphs were allowed to feed on the ears of 4 months 
old rabbits following the method described by Bailey (1960). Briefly, rabbit's 
ears were shaved and disinfected with 70% alcohol.  Soft cotton cloth sleeves 
(ear bags) were attached at the base of each ear using leucoplast. A leather 
collar was used to prevent the rabbit scratching off the ear bags. Flat nymphs 
were introduced into each ear bag by a brush and then tied at the open end. 
Ticks were given two days to attach after which the free ends of the ear bags 
were untied and ticks were observed for attachment. There after, the dropped 
nymphs were daily collected by opening the free ends of the ear bags and were 
taken to the laboratory and weighed in batches of 10 nymphs each.                                        
2.2.2.15. Statistical analysis: 
Data obtained were submitted to analysis using SPSS (statistical 
package for social science) using T- test to establish whether there were 
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significant differences between the means of experimental and control groups 
(Steel and Torrie, 1986).   
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CHAPTER    THREE 
                                           RESULTS  
3.1. Isolation of Scopulariopsis brevicaulis: 
Scopulariopsis brevicaulis was the fungus isolated from dead A. 
lepidum. The isolated fungus was identified by conventional methods that 
included the morphological and cultural characteristics. The lyophilized 
culture that was sent to the biocentral laboratory in Denmark confirmed its' 
identification.                            
3.2. Cultural characteristics:  
Scopulariopsis. brevicaulis was easily propagated on solid  media such 
as: SDA, MEA, BHIA, PDA, CDA and (YMA). Growth was better seen on 
BHIA (plate 2) followed by SDA and MEA while CDA and PDA showed 
poor growth. Colonies were found to be 80x75mm; 75x65mm; 65x65 for 
BHIA, MEA and SDA media respectively. Growth was found to be faster 
(75.5%) with Chloramphenicol alone on SDA rather than Chloramphenicol 
with cycloheximde (47%). The fungus usually takes 4 days to develop a 
glabrous, velvety or powdery, radially folded on SDA (plate 1) or furrowed 
and sometimes heaped colony on BHIA (plate 2).                                       
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Plate 1. Growth of S. brevicaulis colony as radially folded 
 and furrowed on SDA medium on day 14. 
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Plate 2.  Growth of S. brevicaulis colony as heaped on  
BHIA medium on day 14 
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Plate 3.  Needle mount of S. brevicaulis (Bainier) showing  
verticillate conidophores with anellophores conidia. 
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S. brevicaulis is a hyaline mould in anamorphic form (asexual), having 
branching septate hyphae which are often more or less penicillate. Colonies 
white to beige or dull grayish to brown shades, thin plane or wrinkled (plate 
2). Conidiophores pearing anellophores cells,  which are short flasked – 
shaped or cylindrical producing singly or in clusters in complex verticillate 
arrangement, bearing numerous divergent chains of conidia which are globose 
to pear- shaped thick – walled usually truncate at the base, smooth to coarsely 
roughened hyaline to deeply pigmented (plate 3).                                                                    
3.3. Bioassay of the fungus: 
3.3.1. Germination, cfu and mass production: 
The bioassay for S .brevicaulis that was carried out in comparison with 
a well known entomogenous fungus, M. anisopliae revealed high germination 
rate. M. anisopliae spores started Germination after 8 hours while those of S. 
brevicaulis staeted germination 10 hours after inoculation.  After 18 hours, 
germination percentage was 95% for M. anisopliae and 93% for S. 
brevicaulis. CFU was found equal for both fungi (2.7x106 spores/ml). Both 
fungi were mass – produced in the laboratory following Ferron (1978) method 
which potentiates their use on the field and on a large scale application. A 
high yield of spores was obtained.  
3.3.2. Metabolites profiling: 
Different substances with various RF values (Retention Factor) were 
obviously seen separated on TLC plates under 265 nm (plate 4). Later, 
analysis of the spots detected on the plate using GC-MS (Gas chromatography 
mass spectrometry) revealed separation of   fatty acids and ketone compounds 
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such as: 2-Pentanone, 4-hydroxy-4-methyl, n-hexadeconic acid:  6-
octadecenoic acid (Z): 1, 2-Benzenedicarboxylic acid: bis (2-methylpropyl) 
ester and ethanone: 2, 2- dimethoxy-1, 2-diphenyl.  
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 Plate 4. TLC showing separation of the metabolites of S. brevicaulis 
cultured on SDA and BHIA under UV (265 nm) 
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3.3.3. Biochemical analysis of the filtrate:                                           
Biochemical analysis of S. brevicaulis filtrate revealed presence of 
amino acids where a purple colour was obtained on testing the filtrate using 
ninhydrine solution. Also, unsaturated fatty acids were detected where 
decolourization of iodine was noticed when filtrate was added. Analysis of 
filtrate also revealed presence of albumin, calcium, sodium, potassium and fat 
as shown in Table (1).  
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Table 1. Biochemical analysis of S. brevicaulis culture filtrate. 
 
Sodium 
(mmol/l)
 
Potassium 
(mmol/l) 
 
Calcium 
(mg/100ml)
 
Fat 
  (%) 
 
Albumin 
(g/dl) 
 
protein 
(g/dl) 
 
Filtrate 
in   
                
 
18.5 
 
18 
 
3.7 
 
57.3 
 
1.2 
 
300 
 
   BHIB 
 
10.8 
 
12 
 
3.7 
 
58.7 
 
1.4 
 
333 
 
  CZDB 
 
 BHIB = Brain heart infusion broth 
 CZDB = Czapek dox broth  
 
 
 
 
 
 
 
 
 
 
 
 
 
 56
 
3.4. Treatment of tick developmental stages with fungi: 
3.4.1 Treatment of larvae: 
3.4.1.1 Flat larvae: 
Both S. brevicaulis and M. anisopliae caused high mortality to flat 
larvae of H. a. anatolicum 3-5 days post treatment. Flat larvae treated with M. 
anisopliae died three days post treatment after which fungal mycelium was 
seen covering their integuments (plate 5). Culture filtrate of S. brevicaulis 
induced mortality to flat larvae after 19 days of infection. Treatment with 
spore suspension of both fungi caused high mortality to flat larvae than the 
filtrate. The effect was highly significant (p<0.005) (Table 2).  
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Table 2. Effect of M. anisopliae and S. brevicaulis on flat larvae using 107 
spores/ml and culture filtrate of S. brevicaulis 
 
%Mortality(mean±SD) 
 
Treatment                    Number treated  
                  
           100.0±0.0** 
 
M. anisopliae spores          450 
            95.7±7.5**  S. brevicaulis spores           450 
            60.0±6.4** S. brevicaulis filtrate          450 
            7.07±6.3       Control                         450 
 
 ** P ≤ 0.005     
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Plate 5. Shows flat larvae of H. a. anatolicum colonized with 
M. anisopliae 3 days post infection. 
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3.4.1.2 Engorged larvae: 
Both fungi caused low moulting percentage of engorged larvae. There 
was no difference in moulting percentage and pre-moulting periods when 
engorged larvae were treated with both fungi. M. anisopliae and S. 
brevicaulis-treated groups of engorged larvae started moulting on day 7 post 
treatment. Filtrate- treated group started moulting two weeks after infection.  
Moulting period was 10 days. M. anisopliae  and S. brevicaulis-treated  
groups showed high mortality due to high rate of infection while the filtrate 
groups showed a moderate mortality rate where fungal mycelia seen covering 
their integuments (plates 6 and 7). Moulting per cent was significantly reduced 
in both treated groups compared with the control (p<0.005).   M. anisopliae 
and S. brevicaulis-treated groups have same moulting per cent but filtrate- 
treated group showed a higher per cent than spore- treated groups (Table 3). 
Most A. lepidum engorged larvae treated with M. anisopliae and S. brevicaulis 
failed to moult and infection seen 2 days post treatment. Percentage morbidity 
was 70% for S. brevicaulis and 32% for M. anisopliae.  
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Table 3. Effect of M. anisopliae and S. brevicaulis on moulting of engorged 
H. a. anatolicum larvae.  
  
(%)Moulting ( mean±SD)      
 
Treatment               Number treated 
                      
            19.94 ±4.33** 
 
M. anisopliae  spores              150 
            19.47 ±2.75** S. brevicaulis spores                150 
            22.50. ± 3.54** S. brevicaulis filtrate               150 
            100.00 ±0.00        Control                             150 
 
        ** P ≤ 0.005 
 
 
 
 
 
 
 
 
 
 
 
 61
 
 
 
 
 
 
 
 
 
 
 
Plate 6. H. a. anatolicum engorged larva, showing colonization with M. 
anisopliae conidia 3 days post infection. 
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Plate 7: Engorged larvae of H. a. anatolicum colonized 
with S. brevicaulis 3 days post treatment. 
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3.4.2 Treatment of nymphs:  
3.4.2.1 Flat nymphs: 
The ability of fungi to infect and kill nymphs varied considerably 
according to fungal strains and species (Fig 1). Both fungal strains         
induced mortality to flat nymphs with M. anisopliae being the most virulent 
caused 100% mortality 17 days post treatment. Filtrate- treated group showed 
low mortality rate (Table 4). Infected nymphs developed fungal infection with 
mycelia obviously seen covering their bodies (Plates 8and 9). 
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Plate 8: Flat nymphs of H. a. anatolicum treated with M. anisopliae  and 
S. brevicaulis with mycelia covering their bodies  
7 days post treatment. 
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Plate 9: Flat nymphs of H. a. anatolicum treated with 
 S. brevicaulis 7 days post treatment. 
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Table 4. Effect of M. anisopliae spore suspension and S. brevicaulis spore 
suspension and filtrate on flat nymphs of H. a. anatolicum.             
 
       %Mortality(mean  ±SD)   
 
Treatment               Number treated 
                      
            100±0.00** 
 
M. anisopliae  spores            300 
            40.12±7.54** S. brevicaulis spores              300 
             22.15±4.04** S. brevicaulis filtrate             300 
             4.22±1.15        Control                           300 
 
        ** P ≤ 0.005 
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Fig. 1. Effect of M. anisopliae spores, S. brevicaulis spores and S. 
brevicaulis filtrate on flat larvae and nymphs of H. a. anatolicum. 
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3.4.2.2. Engorged nymphs: 
         Treated engorged nymphs of A. lepidum developed fungal infection. 
Mycelium were seen covering their integuments 7 days post treatment.  
Moulting to flat adults started 21 days after dropping. All control groups 
succeeded to moult while only 45% of the treated groups moulted to adults. 
Surface disinfection of treated engorged nymphs that failed to moult and 
cultured on moist chamber, developed fungal mycelia. Control and treated 
groups of H. a. anatolicum engorged nymphs started moulting 18 days post 
treatment when ticks were incubated at 75-85% RH and after 14 days at RH of 
95-100% for M. anisopliae, S. brevicaulis and after 16 days in filtrate-treated 
groups. Infected nymphs died on day 3 and 5days after infection and mycelia 
were seen covering their integuments. (Plates 10). There were differences in 
moulting percentage as shown in (Table 5, fig 2). All M. anisopliae- treated 
flat adults that emerged from the treated engorged nymphs died 19 days post 
treatment while only 73% of S. brevicaulis- treated died 21 days post 
infection.  
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Fig. 2. Effect of M. anisopliae spores, S. brevicaulis spores and S. 
brevicaulis filtrate on engorged larvae and nymphs of H. a. anatolicum. 
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Table 5. Effect of M. anisopliae spore suspension and S. brevicaulis spore 
suspension and filtrate on engorged nymphs of H. a. anatolicum.  
 
 
Treatment 
 
Number 
treated 
 
%Moulting(mean±SD)
   at 27oC, RH 75% 
 
%Moulting(mean±SD)
     at 27oC, RH 95% 
 
M.anisopliae 
spores 
 
S.brevicaulis 
spores 
S.brevicaulis 
filtrate 
Control 
 
 
150 
 
 
150 
 
 
150 
 
 
150 
 
 
80.67±5.94NS 
 
 
74.10±9.41NS 
 
 
70.00±4.00 NS 
 
 
83.00±4.24 
 
 
91.53±7.50 NS 
 
 
94.47±4.79 NS 
 
 
80.47±18.35 NS 
 
 
96.97±5.25 
NS= not significant       
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Plate 10: Flat adult H. a. anatolicum emerged from infected engorged 
nymph treated with S. brevicaulis showing fungal mycelium. 
 
 
 
 
 
 
3.4.3. Treatment of adult:  
3.4.3.1. The flat adult: 
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Treatment of A. lepidum, A. variegatum and H. a. anatolicum flat adults 
with M. anisopliae and S. brevicaulis induced mortality to flat adults. 
Mortality was observed to be dose dependant (Fig. 3).  Infected ticks 
developed fungal infection 7 days post treatment. Fungal hyphae were seen 
covering their bodies (plates 11, 12, 13, 14,). Surface disinfected-treated flat 
ticks revealed presence of S. brevicaulis and M. anisopliae conidia on their 
bodies (plate 12, 14). Microscopic examination of a needle mount of surface 
disinfected flat ticks revealed conidia of S. brevicaulis (plate 15). S. 
brevicaulis filtrate – treated group induced mortality a little bit higher than S. 
brevicaulis – treated group (table 7) showed a  highly  significant effect 
(p<0.005) of both fungi compared with the control.  
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Fig. 3. Dose response of flat adult H. a. anatolicum treated with spore 
suspension of M. anisopliae and S. brevicaulis. 
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Plate 11. A. variegatum flat adult colonized with 
 M. anisopliae after surface disinfection. 
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Plate 12: Flat adult H. a. anatolicum colonized with M. anisopliae 7 
days post infection. 
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Plate 13. A. lepidum flat adult colonized with 
 S. brevicaulis 7 days post infection. 
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Table 6. Effect of M. anisopliae spore suspension and S. brevicaulis spore 
suspension and filtrate on H. a. anatolicum flat adult.  
 
 
% Mortality (mean±SD) 
 
Treatment               Number treated 
                      
            86.30 ±1.04** 
 
M. anisopliae  spores              60 
            75.00 ±11.79** S. brevicaulis spores                60 
            77.50 ±3.54** S. brevicaulis filtrate               60 
            3.77 ± 8.26        Control                             60 
 
        ** P ≤ 0.005 
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3.4.3.2. Treatment of engorged females A. lepidum by immersion: 
Infection started on day 3 and 5 post treatment of engorged females A. 
lepidum. Infected ticks became black; mycelia covered the first pairs of legs 
and mouth parts and later the whole integument. Death was observed 15 days 
post treatment. Seventy per cent of treated ticks oviposited and their eggs 
hatched. But all the larvae died 3 days after hatching. Infected ticks showed 
typical and plenty of S. brevicaulis conidia (plate 12). Treated groups showed 
fertility with values statistically lower than the control group (p<0.05). Also 
weight lost was greater in treated groups than in the control (table 8).                                    
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Table7: Mean (±SD) of the effect of S. brevicaulis  spore suspension on 
engorged A. lepidum females.               
 
      *P ≤ 0.05 
 
  (f.f): Weight of egg batch laid /female engorgement weight before 
oviposition ×100 
 (l.w.f): Female engorgement weight before oviposition–(female 
weight after oviposition + weight of egg batch laid). 
 
 
 
 
 
 
 
 
 
 
Treated groups 
 
Control groups 
 
Parameter 
 
57.73±6.35* 
 
81.55±5.87 
 
Female fertility (f.f) % 
 
0.15±0.04 0.04±0.02 Lost weight of female (l.w.f) % 
 
0.11±0.07 0.58±0.05  Weight of Egg mass (gm) 
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Infection of engorged A. lepidum females with 104 spore suspension of 
S. brevicaulis by injection revealed high level of infection 3 days post 
treatment however,  66.7% of the treated groups developed fungal infection.  
Two weeks later, the cadavers were colonized by the fungus (plate 16). All 
control groups succeeded to oviposit and 100% of their eggs hatched while 
only 46.2% of the treated group oviposited and 33.3% of the eggs hatched. 
Pre-oviposition period was 7 days for control and at a range of 7-21 days for 
the treated groups. The oviposition period was 47 days (Fig. 4). 
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Fig. 4. Effect of S. brevicaulis spores on biotic potential of A. lepidum 
and H. a. anatolicum 
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Plate 14. Adult engorged A. lepidum colonized 
 with S. brevicaulis 14 days post infection. 
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3.4.3.3. Treatment of engorged females H. a. anatolicum: 
M. anisopliae, S. brevicaulis spore suspension and filtrate affected the 
biotic potential of the treated females. Hatchability, female fertility and eggs 
laid were significantly reduced compared with the control (p<0.05) (table 9). 
M. anisopliae, S. brevicaulis treated–groups and the control groups started 
oviposion 4 days from dropping time while filtrate treated– groups started to 
lay eggs 7 days post infection.  M. anisopliae treated–groups produced eggs 
which showed infection 3-10 days after oviposition (plate 17). S. brevicaulis 
– treated groups also showed infection of eggs.  Dead, newly hatched larvae 
were seen colonized with fungal conidia.  Slides mounted in lacto phenol 
cotton blue revealed adhesion of conidia to egg cuticles (Plate 18). There 
were differences in oviposition periods. It was 21 days in control H. a. 
anatolicum and 30 days in the S. brevicaulis and filtrate - treated groups. 
Infection rate among M. anisopliae - treated groups was 100 % and 66% 
succeeded to oviposit.  All Infected ticks were seen colonized with M. 
anisopliae conidia.   
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Plate 15. Eggs of H. a. anatolicum infected with  
M. anisopliae 5days post treatment. 
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Table 8:Mean (±SD) of the effect of S. brevicaulis and M. anisopliae spores 
and S. brevicaulis filtrate on engorged female H. a. anatoilicum. 
 
Egg mass (gm)
 
 
Female fertility  
(%) 
 
Hatchability 
(%)   
 
Treatment 
0.06±0.06**  35.42±11.12*     0.00±0.00** M.anisopliae spores    
0.17±0.07** 47.54±1.92* 44.13±15.77*       S.brevicaulis spores    
    0.17±0.07** 
 
50.02±5.85*       39.90±7.83**       S.brevicaulis  filtrate 
filtrate 
    0.63 ±0.05 
 
68.81±2.21        93.33 ±6.51        Control 
 
       * P ≤ 0.05, ** P ≤ 0.005  
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3.4.4. Testing infectivity of M. anisopliae and S. brevicaulis spore 
suspensions to H. a. anatolicum: 
M. anisopliae and S. brevicaulis conidia were isolated from dissected H. 
a. anatolicum treated flat adult ticks. Slide mounted in lacto phenol cotton 
blue revealed the presence of fungal conidia when examined microscopically 
(plate 18 and 19).  Both M. anisopliae and S. brevicaulis showed adhesion of 
their conidia to tick cuticle and germination of conidia forming hyphae.    
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Plate 16. S. brevicaulis conidia and hyphae from inside 
H. a. anatolicum treated with S. brevicaulis. 
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Plate 17. Conidia of M. anisopliae from inside 
H. a. anatolicum treated with M. anisopliae. 
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3.5. Haemocytes:                                                                                      
Haemocytes of A. variegatum, A. lepidum, and H. a. anatolicum treated 
with M. anisopliae and S. brevicaulis revealed differences between control 
and treated groups when examined on Giemsa-stained smears. Three types of 
haemocytic cells were seen in the control group whereas degeneration and 
reduction in haemocytes number of the treated groups were observed (plates 
20 and 21). Moreover, encapsulation was seen 2 days post infection with M. 
anisopliae. 
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Plate 18. Haemocytes of A. vareigatum adult control 
group showing no degeneration and no reduction of cells. 
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Plate 19. Aggregation and degeneration of haemocytes 
of A. vareigatum treated with M. anisopliae. 
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3.6. Effect of S. brevicaulis on feeding: 
Flat H. a. anatolicum nymphs were attached to the ears of previously 
treated rabbits 2 days after feeding. Dropping of treated nymphs started 2 days 
after attachment and continued for 3 days for the control and 5 days for the 
treated. Only 0.5% of control failed to feed while 5% of treated groups failed 
to feed.Treated and control fed nymphs detached with a minor change in 
engorgement weights. There is no significant difference (p>0.05) in weight 
gained by treated group compared with the control (Table 9).  
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Table 9: The difference in weight gains of flat nymphs of H. a.                    
anatolicum treated with S. brevicaulis spore suspension.   
                            
 
Weight gained (mean±SD) (g)   
 
 
  Groups 
 
0.29±0.14NS 
 
Treated   group 
                     
                      0.31±0.03 
 
Control  group 
         NS= not significant     
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3.7. Persistence of S. brevicaulis on rabbit’s ears:  
Ears of rabbits that were wetted with (2x107spores/ml) of S. brevicaulis 
showed no signs of mycosis on the first week, but two weeks later skin 
scrapings and swabs taken revealed degeneration of the hair shaft infilterated 
with fungal conidia. Other slides showed adherence of conidia to the hair. 
Culturing of the scrapings gave growth to fungal colonies. Mounts from 
colonies in lacto phenol cotton blue demonstrated typical S. brevicaulis 
hyphae. Persistence of S. brevicaulis on rabbit ears continued for two months 
after which culture of scrapings gave growth to contaminant fungi only.  
 
 
                                                          
 
 
 
 
 
 
 
 
 
 
 95
 
 
 
CHAPTER FOUR 
DISCUSSION 
 
The present study was conducted to evaluate fungi as an alternative 
mean for controlling ticks under Sudan conditions. A fungus was isolated in 
this study that was recovered from a dead adult A. lepidum engorged female as 
well as dead larva. The isolated fungus was identified as Scopulariopsis 
brevicaulis on the basis of its morphological and cultural characteristics 
according to monographs described by Clayton and Midgley (1989) and 
Otcenasek and Dvorak (1973). Identification of the vast majority of 
Hyphomycetes is based on conidiogenesis (Goettel and Douglas- Inglis, 
1997).  The identification was confirmed by the institute Biocontrol 
Laboratory of Technology in Denmark. S. brevicaulis, the anamorph of 
Microascus brevicaulis (Microascacae: Ascomycota), was first identified in 
1881 cited by Abbott, Sigler and Currah (1998) and its telomorph microascus 
was described by Morton and Smith (1963).  
This is the first report of isolating this fungus from A. lepidum.  
Although many workers succeeded in isolating different fungi belonging to 
Hypomycete (Fungi imperfecti) from various tick species,   no reports on 
isolating Ascomycete fungi from tick species were available. Cherepanova 
(1964) successed in isolating Aspergillus flavus, A. fumigatus and Penicillium 
insectivorum from all stages of Ixodes vicinus. Also five entomopathogenic 
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fungi were isolated from I. ricinus with Beauveria brongniartii being the 
dominant (Samsinakova et al., 1974). Verticillium lecanii and Paecilomyces 
farinosus were also isolated from I. icinus (Kalsbeek, Frandsen and Steenberg, 
1995). Aspergillus, Mucor and Fusarium species were isolated from 
Rhipicephalus appendiculatus engorged females (Mwangi, et al., 1995). 
Difference in fungal species been isolated from ticks may be due to difference 
in geographic distribution of fungal species and methods of their incubation. 
S. brevicaulis is a saprophytic fungus inhabiting soil. Contamination of ticks 
with soil inhabiting fungi was common.  Three-host ticks were known to 
spend 3.5% of their life on their hosts and 95-97% in the environment 
(Punyua, 1992). So they spend long time on vegetation waiting for a passing 
host. Meanwhile, they can be contaminated with soil flora. Hence, species like 
A. lepidum can easily be contaminated. Horizontal transmission in mycotic 
infection from soil is reported by Kaaya and Okech (1990).  
         Metarhizium  anisopliae, which was used in this study, had  also been 
isolated from soil ( Maniania, et al., 1994 ). Both fungi were subjected to 
bioassay in the laboratory to test in vitro culture of fungi, their ability to be 
produce in large amounts and to study their   mode of action. Percentage 
germination and cfu were also determined for both fungi used in this study to 
ensure their viability. No significant difference was noticed between M. 
anisopliae and S. brevicaulis. Although M. anisopliae revealed a higher 
germination rate but S. brevicaulis started germination earlier than M. 
anisopliae. CFU was found similar. Both fungi were easily propagated in the 
laboratory which encourages their use in controlling ticks. Mass production of 
both fungi was performed according to Ferron (1978) method using solid 
substrate which has the advantages of increasing spore yields as fungi 
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conidiae abundantly on solid culture (Aquino,  Cavalcanti, Sena and Queiroz 
(1975) and the conidia which formed in dry hydrophobic masses were 
considered more robust than the blastospores (Farques, Robert and Reisinger, 
1979). Also, rice grains are cheap, nutritious and easily sterilized using 
autoclavable polypropylene bags (Aquino, Vital, Cavalcanti and Nascimento 
(1977).  
       Pathogenicity of S. brevicauils and M. anisopliae to different tick stages 
was conducted. Ability of fungi to infect and kill larvae varied considerably 
according to fungal strain and species used (Maniania, 1992). Both fungi 
induced high mortality to flat larvae of H. a. anatolicum. M. anisopliae being 
more virulent. It induced 100% mortality whereas 95% mortality was induced 
by S. brevicoalis within 3-5 days post infection and colonization of larvae 
with fungal mycelia was obviously seen. This indicated that both fungi have 
the ability to penetrate the cuticles and invade larvae. This result was similar 
to that reported by Kaaya and Hassan (2000).    
High mortality among flat larvae may be due to toxins produced by 
fungi (Suzuki, Kawakami and Tamura, 1971) or might be due to high relative 
humidity where humidity of 100% was maintained (plain water was used) and 
a high relative humidity was found to be optimal for growth of many fungi 
(Kalsbeek et al., 1995). Fungi are known to produce conidia over   tick's body 
surface under conditions of high relative humidity. This feature may lead to 
effective spread of the fungus through tick population. Fungal hyphae from 
germinating conidia may be able to penetrate the cuticle directly as reported 
by Samish and Rehack, (1999). Furthermore, the small size of unfed larvae 
and their incubation together might enhance physical transmission of infection 
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by tick to tick contact in the tubes. This finding was observed by Kaaya and 
Okech (1990). 
 Regarding pathogenicity to engorged H. a. anatolicum larvae, 
treatment was found to affect moulting percentage although no difference in 
pre-moulting period was observed among the groups. Treated larvae moulted 
normally 7 days post treatment. M. anisopliae and S. brevicaulis induced low 
moulting per cent on using 107spores/ml but when 108spores/ml of S.  
brevicanlis was used, treated engorged larvae showed high infection rate with 
no moulting. Difference in moulting per cent within the same fungal species, 
indicates dose response treatment. Kirland, Westwood and Keyhani (2004) 
reported that 108 conidia/ml of M. anisopliae gave 50-100% mortality of adult 
I. scapularis and R. sanguineus. Also, Maniania (1995) found that mortality of 
adult Glossina morsitans centralis when treated with M. anisopliae was dose 
dependant when 3x105 resulted in 55% mortality and 3x108 had a mortality of 
100%.   Low moulting per cent might be due to high humidity which favoured 
fungal infection (Hall and Paperiok, 1982). High mortality of engorged A. 
lepidum larvae was observed with zero moulting per cent. This might be due 
to the fact that fungi isolated from the same tick species remain highly 
pathogenic to that species (Ferron, Hurpin and Robert, 1972, Fargues, 1976 
and Frazzon et al., 2000). The result reflects   susceptibility of A. lepidum to S.  
brevicaulis.  
Metarhizium  anisopliae treated flat nymphs showed high mortality rate 
with a high rate of infection while those of S. brevicaulis caused only 22% 
mortality.  This might be due to the fact that S. brevicaulis itself as repeated 
sub culturing of the fungus may lead to loss of virulence (Humber, 1997). 
High mortality among M. anisopliae- treated flat nymphs explains efficacy of 
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the fungus to spread eventually among the treated nymphs. Infected nymphs 
were seen colonized with M. anisopliae conidia. A relatively high moulting 
per cent of treated engorged nymphs of H. a. anatolicum might be due to 
moulting process, which prevent mycosis as the cuticle hardens within few 
days of engorgement, thus protecting the moulting tick. Mwangi et al. (1995) 
observed that moulting process of immature stages of R. appendiculatus was 
not affected by Beauveria bassiana.  
Metarhizium  anisopliae and S. brevicaulis induced high mortality to 
flat adult H. a. anatolicum, A. lepidum, and A. variegatum. This might be due 
to ability of these fungi to produce enzymes which facilitated penetration of 
tick cuticles. M. anisopliae was known to produce hydrolytic enzymes such as 
chitinolytic enzymes when cultured with glycosamine as a source of carbon 
(Barreto, Staats, Schrank and Vainstein, 2004). In this study both fungi were 
cultured in media with glucose as a source of carbon. Thus, secretion of such 
enzymes might be possible. Furthermore, death of ticks may be due to 
invasion of internal organs by fungal hyphae. Adhesion of conidia to tick 
cuticles and germination facilitated penetration (Hall and paperiok, 1982). M. 
anisopliae has two distinct cell bound chitinolytic enzymes. Adhesion of 
conidia, germination and invasion of internal organs of ticks were observed in 
this study. These findings were also observed by Kaaya, Kokwaro and 
Murithi, 1991). 
Treatment of engorged females induced significant reduction in 
engorgement weight, eggs laid and hatchability when compared with the 
control group. High mortality to adult R. appendiculatus and A. variegatum, 
decreased fecundity and egg hatchability of engorged adult was also observed 
by Kaaya, Mwangi and Ouna (1996). This might be due to release of toxins.  
 
 
 
 100
The number of eggs laid by engorged female tick and the proportion which 
hatches were crucial for the propagation of tick’s population (Dipeolu, 1984). 
Thus, they are very essential to consider when developing a mycoinsecticides.  
M. anisopliae and S. brevicaulis  were proved to affect the biotic potential of 
ticks in the present study thus, they have a great potential for tick control 
because their ability to reduce fecundity and egg hatchability is of great 
importance than adult mortality because reduction in egg laying and 
hatchability that were  observed in this study, may mean a very significant 
reduction in the next generation of ticks when considering the large number of 
eggs lay which have a greater impact on tick population than direct mortality 
on engorging tick which may destroy a few number of ticks. These findings 
were also observed by (Kaaya et al., 1996). Moreover, M. anisopliae was 
observed to infect eggs 7 days post treatment. Newly hatched larvae which 
emerged 21 days from infected eggs soon died. This might be due to 
penetration of egg integument before hatching or by conidia on egg cuticle 
serving as an inoculum for emerging larvae. This result coinsized with the 
studies of Maniania (1991, 1992) which proved susceptibility of M. anisopliae 
to eggs of the stem borer Chilo partellus (Swinhoe). In this study, all tick 
stages were found to be sensitive to M. anisopliae. This result is similar to that 
reported by Gindin, Samish, Zangi, Mishoutchenko and Glazer (2002). 
          Scopulariopsis. brevicaulis - culture filtrate was found to have the same 
effect as S. brevicaulis and M. anisopliae spores on different developmental 
tick stages. Detection of volatile and non volatile compounds suggests 
presence of chemical substances which might be toxic and contributed to 
death of filtrate- treated ticks. Extraction of toxins from microorganisms and 
their use instead of live fungi, as an alternative way to control arthropods was 
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suggested. Toxins from B. bassiana have been extracted and were used 
against some arthropod pests (Ferron, 1986 cited by Mwangi et al., 2005). 
Some toxins have been identified in culture filtrate of Deuteromycetes 
(Roberts, 1981). Mechanism of toxicity may involve interference with various 
aspects of cell metabolism or specific toxicity to immune system 
(Korosteleva, et al., 2007).  Toxins of entomogenous fungi have a role to play 
in pathogenesis (Goettle and Johnson, 1992). Further studies on identification 
of these compounds and their mode of action are needed. S. brevicaulis - 
culture filtrate was also found to contain proteins on biochemical analysis. 
Thus, production of enzymes might be possible. S. brevicaulis was known to 
produce exoenzymes when grown in   liquid media containing protein (Brasch 
and Zaldua, 1994).  Invasion of S. brevicaulis fungal conidia to internal organs 
which was noticed in this study supports this suggestion. This finding is 
similar to that of Yoder et al. (2003) who observed the ability of S.brevicaulis 
to penetrate the cuticle of Dermacentor variabilis after topical application of 
the fungus.   Entomopathogenic fungi were proved to produce extra cellular 
lipolytic, proteolytic and chitinlytic enzymes in vitro (Samsinakova et al., 
1971; Gabriel, 1968; Grula, Burton, Smith, Mapes, Cheung, Pekrui, 
Champlin, Grula and Abegaz, 1978; Kucera and Samsinakova, 1968). Several 
histological studies suggested strongly that enzymatic activity occurs during 
penetration (Grula et al., 1978). Virulent strains of M. anisopliae were found 
to have a high lipase activity (Paris and Segretain, 1975). Subsequently, Paris 
and Ferron (1975) found correlation between lipase production and virulency.            
In the present study, isolation of M. anisopliae and S. brevicaulis from 
internal organs of H. a. anatolicum confirmed the ability of these fungi to 
penetrate tick cuticles. The result also confirmed the recovery of these fungi 
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from the inside of ticks. This finding is similar to that observed by Yoder et al. 
(2003) when they experimentally inoculated Dermacentor variabilis with S. 
brevicaulis.   
Persistance of S. brevicaulis for 60 days on rabbits' ears showed the 
ability of the fungus to survive in the environment.  Persistence of M. 
anisopliae for one month was reported by Kaaya et al. (1996). Kalsbeek et al. 
(1995) also observed persistence of Hyphomycetes fungi in infected I. ricinus 
for 62 days in the laboratory. Moreover, Rath, Wright and Yip (1990) found 
that soil inoculated with 1.4 x 105 spores of M. anisopliae/g contained 3.8 x 
104 viable spores 2.5 years later. These findings potentiated the use of S. 
brevicaulis on vegetation where horizontal transmission may occur. Maniania 
(1991) suggested the use of fungal propagules in vegetation which might be 
more aggressive than quiescent conidia in laboratory.  Hence spraying of 
aqueous suspension of conidia using hand sprayer to vegetation is promising.  
Adhesion of conidia to rabbit hair which microscopically seen in cleared lacto 
phenol cotton blue slide, might be due to products of aquired response which 
might exert some influence on pathogenic process. This finding is similar to 
that observed by Fadelmula and Mackenzie (1992).  
        Degeneration of tick haemocytes observed in this study might be due to 
toxins. M. anisopliae was known to produce toxin that facilitated penetration 
of the cuticle. They have a role to play in pathogenicity (Yendol, Miller and 
Behnke,1968). Furthermore, fungal toxins may weaken haemocytic 
multicellular reaction (Vey and Quiot, 1975).  Moreover, encapsulation of 
haemolymph was seen when A. variegatum was infected with M. anisopliae 
by injection directly into haemolymph. But 2 days later, the fungus was able 
to penetrate the capsule to establish its virulence. Capsulation of the invaded 
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fungus was probably due to the immune response of ticks. Humoral 
encapsulation might be due to prophenoloxidase activating factors that was 
shown by De Mar (2006). Once the fungi overcome these barriers can usually 
assume different morphology such as blastospores in case of M. anisopliae 
which enable dissemination of the disease to other tissue which on becoming 
involved result in the death of ticks. 
Fungal immunity is considered to be more cell-mediated than antibody 
mediated (Humoral) however, in ticks both cellular and humoral defence 
mechanisons do persist. Humoral encapsulation has been observed in cuticle, 
hypodermal cells and haemolymph (Gotz and Vey, 1974).  
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Conclusion  
 
  The use of entomogenous fungi as biological control agents against 
ticks may be an option in tick mangent programs. Although, they have 
been widely used for controlling agricultural pests, little effort has been 
made to evaluate their biological potentials for vectors of animals such as 
ticks. The outcome of this study encourages their use against ticks under 
Sudan conditions. Moreover, entomogenous fungi were known to be more 
specific to target organisms. This specifity reduces the hazard to non target 
hosts. Thus mycoinsecticides are therefore likely to be environmentally 
safer than the conventional acaricides.  
 
Recommendations  
 
1- Use of fungal extracts instead of whole fungus is recommended 
(technology for mass production).  
2- Further studies on characterization of S. brevicaulis toxins and their 
mode of action are highly needed.  
3- More studies on other fungi naturally occurring in soil, animal, insect 
and arachnid should be conducted.   
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APPENDICES 
Appendix 1: 
Solid Media: 
Sabouraud dextrose agar (SDA): (Oxoid, CM41): 
Formula:                                 Grams per litre     
Dextrose                                          40  
Peptone                                           10 
Agar No.1                                       20                                   
              PH 5.6 (approximately)   
     Sixty five grams of dehydrated medium were suspended in a litre of distilled 
water, dissolved by heating and sterilized by autoclaving at 15lb/sq. in (121ºC) 
for 15 minutes. The medium was cooled to 50ºC in a water bath and 
chloramphenicol at a concentration of 0.05mg/ml was added aseptically to the 
medium. A volume of 8 and 25 ml of the medium were dispensed to sterile 
MaCcarteny bottles and glass Petri dishes respectively and kept at 4ºC until used.             
Brain Heart Infusion Agar (BHIA) (CM375):                                                                 
   Formula                                          Grams per Litre                                                    
Calf Brain Infusion Solids                       12.5  
Beef Heart Infusion Solids                       5.0 
Protease peptone (Oxoid L46)                 10.0 
Sodium chloride                                     5.0 
Dextrose                                                2.0     
 
 
 
Disodium phosphate                                  2.5  
Agar No. 1(Oxoid, L11)                           10.0 
                   PH 7.4 (approximately) 
       A weight of 49 grams of the powder were suspended in a 1litre of distilled 
water, boiled, autoclaved at 1210C for 15 minutes and then distributed into sterile 
bottles and Petri dishes. 
Malt Extract Agar (MEA):  (Oxoid, L40):  
Malt extract (Oxoid, L 39):                        30.0 
Mycological peptone                                  5.0 
Agar No.1                                                15.0 
                   PH 5.4 (approximately) 
       Fifty grams were dissolved in a litre of distilled water and prepared as the 
above media.                                                                                                   
Potato Dextrose Agar: (PDA):      
Potato extracts                                            4.0 
Dextrose                                                          20.0  
Agar No.1                                                15.0 
                      PH 5.6 (approximately) 
      Thirty nine grams of the powder were suspended in alitre of distilled water, 
boiled sterilized and distributed in plate Petri dishes.   
Czapek Dox Agar (CDA):              
Sodium nitrate                                            2.0 
Potassium chloride                                      0.5 
 
 
 
 Magnesium glycerophosphate                      0.5 
Ferrous sulphate                                         0.01 
Potassium sulphate                                      0.35 
Sucrose                                                      30.0 
                PH 6.8 (approximately) 
       A weight of 33.4 grams of the medium were added to a litre of distilled 
water and processed as above.   
                                                    
Appendix 2: 
Liquid media: 
Glucose                                                    15.0 grams 
Yeast extract                                             15.0 grams 
Peptone                                                    5.0 grams 
Distilled water                                           500 ml 
 
Appendix 3:      
Antibiotic and antifungal agents: 
Chloramphenicol                                         0.05mg/ml 
Cycloheximide                                            0.5mg/ml 
 
 
 
 
 
 
 
Appendix 4:    
 Stains: 
Giemsa's stain: 
Giemsa stain powder                       8 gram 
Absolute methanol                          500 ml 
Glycerol                                         500 ml  
 Giemsa's powder was added to glycerol and heated at 56oC for 1 hour.  Absolute 
methanol was added and thoroughly shaken. The solution was kept in dark 
bottles and left to stand for 3 days then filtered with filter paper.  
 
Appendix 5:  
Mounts: 
Potassium hydroxide (KOH): 
Potassium hydroxide                                     2o grams 
Distilled water                                                100 ml 
Lactophenol Cotton Blue (lPCB): 
Phenol (melt in warm water, then weighed)        20.0 grams 
Lactic acid (85%)                                             20.0 grams  
Glycerin                                                          40.0 grams    
Cotton Blue (Poirrier's Blue)                              0.05 grams    
Distilled water                                                  20 ml                      
Lactic acid, glycerin and distilled water were combined together. Phenol and cotton blue were 
added to them. The mixture was heated, left to cool and then filtered through filter paper.   
